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may be herrafter in ift proper 
place. Avfor't ics, it is all taken out of 
the abovemention'd Authors, but is here inter- 
mix d with Aſtonomy, in ſuch places as ſoemd 
proper and conenient᷑ the Geometry to be met 
wih in it, I have cither:borrow'd elſewhere; 
; and quoted the ds be found, 
Ol "Oe, A 2 or 


* 
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or . deliver' ds W Bans | 
is done in each Section, you have it expreſs 
either in che Titlecor Preface thereof, in ſach 
a inner,” "2s that choſe whio..are-leſs vers d 
in the more abſtruſe parts o , or 
leſs concern d about the Phyſical parts, may 
paſs-over, and only read the Aſtronomy ſepa- 
rately and diſtin& from them. 
| The Celeſtial Phyſics, or N Aſtrono- 
my, is not only the firſt in dignity of all inqui- 
ries into Nature whatever, we the firſt in or- 


den Hecauſe it is che Efieſt.” Tor thitS 
— 5k as e. 12 


of exerting moſt of thoſe forces whereby all 
Bodies act upon une another; ſo thit 
have no other forte leſt them hereby th 
can aſſedt ane another, but the ſingle force of 
— 
of ſeveral Phzriomena, that 


very. | 
dne atther ; which notwithflanding, if not 
actandtely done, in vain do we attempt Nature, 
and make any inquiry into it. Upon this ac- 
equnt: dt is, that every 3 
r 
in 
more eaſy 2 fry not Bran 
its diffieulties, lde from the different di · 
of the Celeſtial Bodies. 
or x” 2 tars are ſo vaſtly diſtant aſun- 
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each end ' obſervable. 4 us be Nen in- 
3 of the 25 


har har hoy gay be pains 

ers 

Quancir rh, for ef 2 

this is the ſpring of thoſe manifold inequali; 

ties 4 ſuch as, for 1 

feſtly ſhews itſelf in our Moon z which, yet-i 

nothing at all, if compar d with the ingqual, 

2 found among Terreſ A Pee 

ä upon by an ingumerabl, = 

other k preſſing ev 1 

So that thoſe, perſons, . — apply-their 
1 


a E —— 
are to be zr d. 


of 8 


— — 

| both known nd n Mt 
— by 57 W. mol} e een 

Iſhall della little longer wean, 

becauſe there ĩs no need cel of (oe 

either upon the. order of- — parts of this 


ork, which may be ſe: the Tnflex,. or 
= hy ie — bee . 
3 ele 


The aul, PREFACE; 
r= or even of the true Sy- 


LO oped oy 
being all gf them reared of th by the 
Aw tert af Aſtronomy. What 1 ſhall 

knw Ge take" ot is, Het we do fil 
of the Ancients in this Phy- 


the el None | 
other, and wir Fear e e e the 


fore 6f Grapity; an 
the Law of na were fo * * 


Yb dk back to the firſt U of 
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were 
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By theſe expreſſions they meant no more, than 
2 > and fix'd Bodies, 


ſuch as Stones are) ſo as to bear @' confidera- 
ö rbe ec rnng Foun 
W appear, We 
but enquire more narrow . 
thors of this Opinion. For, as we are to 
by * Denneritus, theſe notions about the Sun 
and Modn are not to be aſcrib'd to Anavago- 
rar d their original, for bie had really bor- 
row d them of the Aurienta. Nor is it à diffi- 
cult matter to find out, who they were that he 
borrew'd them of, or from whom they were 
hinded/down to him. He had them from his 
Maſter £;/#na.ximenes, whoſe Opinion we know 
was, that the Stars were of à fiery nature and 
ſubſtance, that there were alſo mingled with 
them certain Earthly Bodies, which were car- 
ried round about them, tho not viſible to us: 
By which words he plainly, means, Nanets of 
a terreſtrial nature, ing their revolu- 
tions in the Syſtem 


A 


4,4 7 N 8 
Thales was of 
ſubſtance, which 


Ang lo Flutarch.” De Flac. 


vi The: Author's PREFACE. 
ſophy;.and ſpread this opinion of the Gravi- 
2 the Fir d Stars among his Sect. Nor 


did this: Doctrine concerning the Stars ſtop 
here, 


but afterwards it diu it ſelf thro 
the te lake Philoſophy, the i followers of which 
F N was a World e Keck. 
finite containing 
Ait and Ether; and that the! Moon, not on- 
Iy was like our Earth, but inhabited by Ani- 
mals af a larger ſize, ebdturgdwrith ——_—_ 
of a more beautiful appearance! | 
Nor were the ſo ahſurd in their concep- 
tions about Gravity, as to think that it was 
done by the virtthe df -any paint within the 
Earth, or of a Center, to which all heavy Bo- 
dies placed any where tended; but they thought 
it was done by: the + power of the whole 
Matter in the Terreſtrial Globe attracting all 
things ta it ſelf: And as the power of the 
8 umme the . of the 


„ F © Th i *- 2 Ken's —_ 1 2 pa 
RR Kr rn 


Pyrhagorea ns H rd, that every. Ster Is d World in the 
1 A bert Si Space, wherein are contain c Eaith, Air, and 
R Plat, dec 'Philoſ. Lib. 2. ©. |; INS + be of 
areans; aſſerttd, that the d.to 4 
ſimilar FIDE with the ects, it is the Mey orv's Earth is, 
by. Animals, tho of a larget 27 the than ours, and fill d with the 
ame Plants, tho? much” more beautiful than ours.” Flut. de Plac. 
phil. Lib. 2. c, 1 
| And yet if every brag tot Body inclines towards the 
and dies with every ong of "Its parts tend to its miau GS 
he Earth certainly will not — to itſelf theſe 1 Badieg, 
which are its parts, becauſe it is the ues of the Univerſe, but 
at her becauſe it iu ibe 1 of which they are the parte. Flut. 


de facie in Orbe Luna 1 1 
* or that which it tncorddreet;” tis not probab/ gor wil | they 
thernſel ves allow ir fo be with ſe grtat 6 Narer as to Aram 
a my * ir, 2 e about 2203 b b. 
Ly &<& 144 4 — 1er 
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ſeveral - combin'd together; ſo they be- 


_ Earth, reſulted from the Gravity towards 
each ſingle part of it. Beſides, they-believ'd 
there was a ® Gravity towards the Moon and 
Sun, acting in the ſame manner as it does to- 

wards th ank; and that each un Planet, like 
a-Stone, -whirFd in a fling, was kept in its 

Orbit by the ſame principle, and for the ſame 

reaſon revolving . always about us. From 
ſome things mention d by o Diogenes Laertiur, 
concerning Plato, which alſo are obſcurely 

hinted at in his Y Timeus, I am apt to believe | 

with 4 Galileo, that the divine Philoſopher .. 

ſuppos d the Mundane Bodies, when they were - 

firſt formed, were moved with a Rectilinear mo- ff 

tion (by the means of Gravity,) but after that 
Excl en # bs Lbs | | they 
. it" a at's ea it oc R 

e . ler, the e bow ho. 3 

babe that the parts; which are aſſembled at the Moon's Body, cone a 
inne alſq- there.“ TX + 


n But the An is belp'd; and preſers/4 from falling dawn, by 


»- 


ber very Motion and that impetuoſity of ber Revalu tion; as Stones 1 . 
N weighty 12 is Slings cad! ſwung e. J 

om dropping out by the ſwiſtneſs of their Motion their bei 3 
mov'd circularh. — 7 de Moon does not 2a 1 


fawmwards, as hey oven weight won d naturally carry ber, ber ten- 
_ _ way ſtopt by the violence of ber circular revalu- 
Ion. , 7 1 
o Theſe at firſt were mov'd in a confus'd and i manner, br. 
but when they were duely adjuſted and rightly ſettled, then the 1 


Werld ms 4 by God in vt order and me, Dick, | 7 
p He gave it 4 Motion altogether agreeable to its nature as 4 | 7 

2 (ht 2 one,) 1 aN he 21 

afterwards made it continue its courſe in g Circle» Plat. in Timenz. "2 
g 1a his Colmicgl Syſtem, Fa ny 


_—_— : * : . 
| cc 
_ Ei © p * 

3 3 


vilinear one. T Bom this Doctrine 


dy Epicurss 


| being 


would have jon ago me 


dle of thewhi 
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they had arrived . —— 


n to revolve by 
22 n into 
— 


Rectilinear Motion 
vity, that all Bodies e tnutually to one 
another, tis by this that Larnaur, tauglit 
arid Democritus, ladours to 
that the Univerſe lus no Center ot loweſt 
but that there is un infivity of Worlds five 
ours in the immenſe Space. His 
— I the ärane oF were 
ay wines, then the ou Bodies, finde 
1 have no other beyond them, te ward 
which they my be made to tend the force 
of Gravity, -wou' not ſtand in an es, 
but make towards the inner and lewer Bodies, 
indin's that by their 
Gravity, and therefore having Als tonnes 
one another, during an infinite ſpace of time, 
t and ge in the mid- 
„28 in the low! eſt place. 'Tis 
evident therefore from hence that Lurreriter, 
and thoſe. whom he followed, - believ'd that 
all Bodies did Gravitate towards the Matter 
placed around them, and that every ſingle Bo- 
dy was cartied by the more 5 Gravity, 
wwards that region where there n 
Matter. red! 7 


8 had Bounds, fuppo/ End; 
a ft ty ttt Bans 
And from Eternity farſu'u the Race, 


: Had long cer this time reach'd the Loweſt Place. TV . 986, 


The HAitbor's PREFACE, Ix 
1 it is manifeſt that the Ancients were 
wo of, and a diſcover'd the Gravity of 


Bodies towards one another, ſo alſo t 
were not unacquainted with the La 


w ind Pro. 


owner" ** the action of Gravity obſerv'd 


el Soma Maſſes and Diſtan- 
S Matter in the heavy Body, . 
tter in t 
St you 45 ſufficient! hectare, rag 110 that 
hat we call light les, don't aſcend of 
their own — dut dupa 1 force 
upwards, 
. eee Ware u and 
les, as well the heavy as 
© ds 2 vacuo, with an equal 
por B 1 will de plain likewi 
9 ve that the famous Theorem 
about the proportion whereby Gravity decrea- 
in in receding from the Sun, was not un- 
Mr to Pythag 4. This indeed 
ſeems to de that which * af his followers 
would fignify to us by the 
Of ; That is, ny ng ** Apollo playing 
ir! pk ſeven Strings, by w 


1 28 it 18 abundantly evident from 


Macrobins Cenſormus, they meant 


Ae * * the ſey 1 


* 2 A 
Neue is but Joſt as great ? neus 
this 1 think 4 proper place to prove, 


12 2 ring Lucre 1.2. v. 178, 


_ megrai Weights be 
ion, «ll of like degree. 1 * 228. 
E235 Macrob. Nh. 1. C.19, Cenloria, c. 11. 
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for they made him the leader of that Septenary 
Chorus, and Moderator of Nature; and 
thought that hy his Attractive force he acted 
upon the Planets (and called it Jupiter's Pri- 
ſon, becauſe it is by this Force that he retaing 
and keeps them in their Orbits, from flying off 
in Right Lines) in the Harmonical ratio of 
their Diſtances. For the forces, whereby e- 
qual Tenſions act upon Strings of different 
Jengths an equal in other reſpects) are re- 
ciprocally as the Squares of the lengths of the 


1 


A fer Pell as he was paſſing by a 
V For oras as he was pally 2 
Smith's Sb 1 occalion to . that 
the Sounds the Hammers made, er ep pt 
cute or grave in proportion to the weights 
the N Mere ſtretching 
Guts, and faſtning various Weights to them, 
he learn'd that here likewiſe the Sounds wer 
portional to the Weights. Havi fatisfy'd 
imſelf of this, he inveſtigated the Numbers, 
according to which Conſonant Sounds, wert 
| 3 Whether the whole of this Story 


true, or but a Fable, tis certain Fyrhagp- 
rar found out the. true ratio between ff 
found of Strings and the Weights faſten d to 
them. The ſame Tenſion acts upon a String 
as ſhort again, four times more powerfully : 
For it produces an Octave, and an Octave is 
— by, a force that is four times greater; 
for if a String. put upon the ſtretch by a given 
TNT ü 


ä n 2 


— 


— 


7 Macrobjus lib, 2, ipſomn. Scig. cap. 1, 


The 2 P ** ih & CE, 1 


u Töße, the * 
eight four times grea 
Tas N the 
ſame Tenfion 2 a beg uialteran Chord, 
acts in a dbuble'ſfeſquiquartan ratio: For it 
generates a Fifth or Biere and a String 
that ſounds a given Note, 1 a given Weight 
ought to be ſtretchd by that is a 
double ſeſq ——_— to A* 4 Fifth. And 
univerſally, Weights which generate all 
Tones in Strings, are reciprocally as the 
Squares of the lengths of Strings of equal 
Tenſion, producing the ſame ſound in any 
Maoſital Inſtrument. oras afterwards 
applied the proportion he thus found 


experiments, to the Heavens, and from 
5 learn d the Harmony of the S 


| 
| | Abr | 


And, comparin theſe Weights with 
— bans 75 of the Planets, and the inter- 
— * the Weights, 


wich _ —— al of he hs —_ and laſtly, 
the lengths of Strings with the Diſt: ſtances of 
the Planets from the Center of the Orbs ; he 
underſtood, - as it were by the Harmony of the 
Heavens, that the Gravity of the Planets to- 
wards the Sun (according to whoſe meaſures 
the Planets move) were reciprocally as the 
Squares of their Diſtances from the Sun. 
We have thus far been ſhewing what was 
the Opinion of the Ancients concerning Gra- 
vity; and it is evident they were perſwaded 
that Gravity was not an affection of Terre- - 
 Aicial Bodies only, but of the Celeſtial * 
that 
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that all Bodies gravitate towards one Fray 
and that the RY are ag 
bits by the force, of Gravity, and 
the Gravity of the I. n 
are r as the Sante f 

it. What the 9 
of the Moderns have added to t 


ons of the Ancients, 4 


declare at * 


ub 


' manifold uſes for 
eg ann 4 fh is delightful 
and entertaining to the Mare curious and 
A. ages been cul- 
Nen the oſt 


„ 47 it were, 0 the ute 


2 PerfeBtion, and thas chiefly = 
27 —— 2 


thing c onfederable therein, bas been as yet 
writ in. ouf own Lang 
comld nar 4 m 


the moſt v 
1 nom 


rec 
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The Publiſher to the Reader; _ 


reckon'd to be a Book that contains not only 
all the Diſcoveries and Philoſophical Santi. 
ments of the great Kepler ani the varigus 
Hypotheſes of the moſt noteu 4 onomers 
oc 0 and fince his Time; but is chiefly 


e 
e Comments ue 
2 the Writings of the illuſtrious dir 


Newton, as well as on the ſeveral From 
nomical Diſſertations of the ſagacious Dr. 
Halley, which the Reader wi find here 
every where imerſpers'd. 
Aud in order 20 render Hhis _ 1 
eompleat ar ible, 1 ſhall," in 'z very 
little time, pre eſent yon with another Vo 
lume, containing 22 Afrronomical Ta- 
bles, "for the ready computin ing of tbe Pla: 
Nets Places, Eclt Dos, &. 7 done by * 
Perſon of known ability „from the true 
Theory of Gravity, eker in this Book: 
For it was by no Medks judged proper that 
1 ſoowld i annex to Jo ont imtire à piece as thit 
d, any imp imperſeti Table 6 drawn from's 
differens Principle » what is here eſta- 
bliſhed, ſuch it ſeems a Pehoſe get Pub. 
Ibed 5 
a r TH HB 


ineipal -Þ dens 
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The Publiſher to the Render. 


reckon'd to be a Book that contains not only 
all the Diſcoveries and Philoſophical Senti- 
ments of the great Kepler, and the various 
Hypotheſes of the moſt noted Aſtronomers 

before and fince his Time; but is chiefly 
valued by the beſt Judges, for the large 
and inſtructive Comments deliver d in it, 
on the Writings of the illuſtrious Sir Iſaac 
Newton, as well as on the ſeveral Aſtro- 
nomical Diſſertations of the ſagacious Dr. 
Halley, which the Reader will find here 
every where interſpers'd. 

And in order to render this work as 
eompleat as poſſible, I ſball, in a very 
little time, preſent you with another Vo- 
lume, containing correct Aſtronomical Ta- 
bles, for the ready computing of the Pla- 
nets Places, Eclipſes, &c. all done by a 
Perſon of known ability, from the true 
Theory of Gravity, deliver d in this Book: 
For it was by no means judged proper that 
I ſhould annex to ſo intire a piece as this 
, any imperfett Tables, drawn from a 
different Principle from what is here eſta- 
bliſhed, ſuch it ſeems ll thoſe as yet pub. 

liſhed are. 
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4 71 


Stars. 
The Sun is to be look d u 
aj ed in * 


2s menüs, 
t immenſe Space, 
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EI Ren A their 


from 4, 2 C, and D, in the 
CEO Tar reft the Sun, com- 


eee 5 11 in — onthꝗ; 
I ND ie: 


FEN r $a, Aer 


2 1 ny 
che toe ines of te Fan ron he an 


8 95 


. of Jupiter 
and thar of Saturn —_ fry rwo, 


Some of them mere, li 
to Eaft, ochers from 
eſt; _— — 
ethers from South to North. TheirO 
arious and rr 
and Inclinatien both vs ORE 3 


Rook B of AgTzongir. 
Oo (i Res; 
et kon en uva — 


Nan, 8 

ned 5 4 Ae n move in Li 
that return into the ings, 

pertiaps, ul. be — oy Proper ( Ob 
yarions made in future Age. Wa 
The reſt of ae Mundane, > is o 
ved as divided into Spaces juſt like « 
you been deſcribing, 0k haviag one 
Stars in its Center, which: are called 25 pac 
g thepffice of a Sun toſt, and having, 


5 be, — my Ern ene hate 


PaorosrriON It 


Arie the Pbænomena that aviſe 
T pu n 


lend 
- Ficſt, If the Obſerver be ſappos d 
in the Sun, tis evident the . 
him to move from * perpetually, as 

| really 


1 © TheExenients* Book 
really-it does. Then ſirice, befides the Barth} ode 
Obſefver ſees the Firt Stars plac d round 
as it were (che nature of the Eye requiring 
in a concade Sphere, that has the bye forin 
Center; tis likewiſt evident, that he wijll'ob; 
ſerve the Earth moving, as it wers, a the 
Fixe Stars, ant approaching nearer and nearer 
tie more Eaſtern ones, till, in a Year's _ 
Havin ted es Revolution, it returns 
che ſame place among them again. And be- 
cauſe" the Earth always goes the ſame track 
over again, the Obſerver: will. take eſpecial no- 
tice of the Stars the Earth paſſes over alſo the 
Plane of — .— — r 4 in 
the Sphere of the Fi called the Beliptic 
777 that Plane; and this will be a prot 
Circle, becauſe it paſſes thro the Sun or Eye, 
Which is che Cetiter of that Qoncaue Sphere 
mat cerminaces the Sighr. But if the Obſerver 
f making Obſerrations | 


for the 5, 

agites thiis' divided. into twelve equal 

888186 "Conſtellation, - = — * 22 
ellation, i 

A Stars ſeemi E in ; Ifay, 

Fx. 3.] the 'Earth-will 2 move 

do I, and from chence to. uτπτ ad 1 — 


from Weſt to Eaſt. chro all the Signs i -R 
of | + | Gas + 


return to V 2 (',.: 2214 8) 
Secondly 2 ne the Ohſer vor to be 
removed om, ie ry to our Earth, if the 
Earth be at 4, is ſeen from the Sun 
among che Flur — 2 Y; the Sun will 55 
pear, when ſeen from the Earth, in the op 
Sign , among the Fixt Stars; the Earth — 
then the Center of the Sphere of the Fixt Sthrs : 
Fot the place of- the e is the Centre of à 
Sphere, on'whoſei furface/ che Stats are con- 
& ceiv'd 


Book I. of As TRONO Mv. * 


ceiv'd to be place d. If the; Earth be moved. 
from 4 thro B, to C, in its Orbit, or if look d. 
upon from the Sun, from V thro „ to n, 
is comſequene ia, or according to the order of, the 
ok Sun, to an er on our Each; 
that thinks the place he ſtands upon immovable; 
will appear to move among the Fixt Stags; ac- 
cording to the order of the Signs alſo, from , 
thro m, to c. in the ame Plane, d 
the ſame time, and towards the ſame Region 
che Heavens, as the Earth ſeen from rhe Sun 
1 but in the oppoſite Points of the I: ; 
1 38 -'SCHOLJUM.i . Wt 
The lik 


e Phenomena happen in reſpect 
the Sun and any other Planet; nay indeed, the 
very ſame, excepting that the time of chat Pla- 
nets revolution about the Sun, or the Sun's ap- 
parent revolution about the Planet, when view d 
from chat Planet, is various, according to the 
different Period of each, mention d in the fore: 
going Propoſition; and that the Plane of che 
Orbie of that: Planer produced, . will cut-other 
Stars than thoſe which the Plane of the Earth's 
Orbit does, hen produced; and conſequently, 
that the Path of the Sun among the Fixt Stars, 
ſeen from any other Planet, is different from its 
Bath, when ſeen from the Earth, thar. is, from 


; the Ecliptic. 


and | PROPOSITION. . 
deſcribe the Phænomena of the Planets ſeep 


1 * 0 def 
| from the Sun, ariſing from their Motion in 
Orbits, whoſe Planes are inclin d to the Planes E the 


: = the Ocbits of the Earth and Planets are 
ſo ſicuated, as that their Planes are inclin d to 


dach other, and interſect each other, (as was 
B 3 ſhown 


, 
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| thre? the A te Lincs pa: 
of the Orbit See Echp- 
tie, or Earth's Orbic, is to be tuken into conſſ- 
deration; in the Phanomena of the 
Plattets viewed from ti Sun. For che Plane of 
the is taken by Aftronomers.2s the 
Standard to which the Planes of the other Or- 
bits ate judged to iheline ; and thar with | | 
good reaſon, ' ſee it Is that in which the 
(the habirarion of the Aſtronomer). moves round 


ms ro move 
round the Earth: cd in 
any other Planet, would make che'Plane of that 
Plinet's Orbit, the Standard of all the reſt, and 
conſider chem a3 inelin's co it. 1 
The right Line. which paſſes thro' the San, 
and is the ęommoi Section of the Plane of whe 
Orbie, with this Plane of the Ecliptic, is call'd 
the Live of thy Nodes of that Planet, and the Points 
themſelves, wherein the Orbit of che Planet cuts 
the Ecliptic, are calf d the Nodes. Thus, [ Ng. 3. let 
'OT & # de che Nane of the Orbit of the Earth 
weed indefinitely, NP» the Orbit of any 
anet, in the Plane'of the former Or- 
bir or Echptic in N and », which ate the Nodes 
of that Planet; ſo as that one pare NP» of chat 
Orbit be ſuppos d above the Plane of this Scheme, 
and the other, 


look like an Fit 9 The ri t Line Na joĩnin 
the Nodes, being che common Section of os 
Plane of the of the Planet with the Plane 


of che Ecliptic, is the Line of the Nodes, 


"Tis evident * that if a Planet be ſeen 
from the Sun, it is in one of the Nodes, as 


N, it will appear to be in the Plane of the Eel 
Fic. cont re 00 


rem 


N, below it, (which makes * | 
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Fo 


hot by — 
15 F 2 


amet, Ve onus 


# 


= 


and 


I: 5 8 1 
J's Plage among g 
2 lentig, or Sontra bo. kh order 


e 
EINE 


r 
ajd fo. be Re 
125 fog 
che right Lines Hach en 


trpgrade, 
A. Will a 
that join the 
ntinuing for ſome ſenſible time 
us DK after its Retrogra 


4 
el. 
before 


skin, it will * Stati⸗ 


- 375 Y 
* 


* eme Direct 


Begk.ls; of rr al 


„and is Statig 


og. that I 
N to ped 


to ” 
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Thins al | 
the Sun 15 Id the 


1 75 rea 4h 
its 1 760 
tothe. 
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if. * Matjon er. 


gr hag - 
i ofenes heca uſe ic finiſhes 70 con 2 
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other circumſtanees being ume, the Latitude 
e Mia e ede, "when they are 


Ritfogride and neareſt the Ferch; lt, when 
Dire& and fartheſt off. | 


—— inferior Planet be mot Retro- 
the Earth, and at the ſume time 
ſnot of near FN 


ode, ir will de found be- 

. 
td ne from i wi 

che San rb the Northward or Souchward of him. 


In like manner, if it be moſt Direct and fartheſt 


2 


the Eufth, and be alſo near, or in u Node, it 
| Be 'cbver'd by the Sun; if it be ocherwiſe 
fragt, evil paß on ons ie ofthe Sun 


F Pri 108 VL 
TT 1 


mers,” uri 
Bodies enl; igbten d es '-x 
„Since IN the , as well as the Earth, 
ical Bodies, tefleHing the Rays 


are opake 
of Light that fall bp chem ere „ei- 
"which t ex- 


the Inferior Pla- 
ee 


dent chat that half of edch 
or turn d to wt Sun, is engen d by 
"while the other half, "wich is 3 
the — 9 is in darkneſs, 
only which is cowards the 
A if we conſider which ase of Vn 


_—_— ——— in reſpect of 
together with the Face thit is viſible at 


dhe Earth in che part F of its Orbic 
78 „it ee Fee | 


ch is, moſt b. neareſt to u, it 
not viſible 5 all, its dark Fact turn'd 
us: Ani Yea were ar che fame time in 


the Plane of the Ecliptic 
Nodes, rn e 


Hat is, in one of its 
We 
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being euren ara berwegn. the Each and 
Sun, by the Propoſition. 15 
When Venus is got into the firyation B, that 
is, begins to be Retrograde, if view'd from 
the Earth, chen ſome. part of, the; enlighten d 
r 22 
ongs to 

And becauſe Venus is of a ſp Wa — 


1. ee enlighten'd pare 
will be ſcen by us, and then{ it is ſaid to 
half Full; at HG it is ſaid to be Gibbous, 

half the enlighten d part being viſible ; 
E, where it is\fdrtheſt off the Earth, and moſt 


Direct in its Motion, it appears Full, all the 

ee being wel auf 

1 wil hays & he ſame fee ater of Phaſes in 
o G, an 

Ci: 2. E. half Full at 6, e n 1 


tyrped from th that is, i 
ry HH eb « — 


po hen it 


e preſene 
28 contrary;ts. what 


"Far he bear ace en : 6, of hs 21 1575 1% 910 
we ve delineat ever — Ven 
th to us, in 22 — a 


i condition, reſpest 
c r Np cons —1 
aer Pre Kn n fer reenged Horped 
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© bicauſe it appeart ſo, when it is at B, in the 
former Scheme, and look d upon from the Barth 
at T; and ſd o 2 C, D. 
The like Phenomena will appear in M 
regard being had to its Orbit and Revolution. 
bits 4.0; 8SEHOLIVUAL 0K, 
as the Phænbmena deſcribed in the three laſt 
Propoſitions, manifeſtly followupon theSituacion 
agd Motion of the Earth, Venus and — 
laid down in N. .. S0 it folows conver 
that the Obſervation of theſe Phrrnomenz in 
them, eſtabliſhes: and 'totifirms that Order aid 
Situation, that Vehus and Mercury re- 
volve about the moe chat are included 
wicthin- the freche ny fs Theft t. 
dv? 2+ che ad. * 2 wh $911] tid 1 
4 & Pabresirien vu. | $3 62 
110/ deſttibstrhg bauomeua ariſing 'ffrom'' the 
Arion of tbe Earth, und of the Spericr Plot 
wers} Mart, Fapictn, and Saturn: | Fig. 8. s 
o Ler Ad bebe Orbir of any ons of the ſups- 
riot Planets; foriinſtance Man, ACtz the Or- 
bit of tlie to the Sun. Tis'evidene, 
fixſt, that this Planet will not always attend the 
Sum, but ſometimes. be diamesrically oppoſite 
ta. t : Far: the Harth its Revalucion 
{oener than any of the ſuperior Planets, will 
ſumetimes be- between the Sun and 
chat Planet; thus, when Mars ig in M, the 
Earth may be at H; and, to ſpeak univerſally, 
the Angle Ar: — made by lines drawn 
tliemce to the — — wt may de equal 
ti any giren one 
et us ſuppoſe Mars tobe in 24; and the Rarth 
d the fame time in 4; Mars in chis win 
aþbpeariS in otderivo, i its. 
Taranto the right Lines that join the Earth and 
15 anet 
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un is 450 e 
4 "ive _— LILY 200 053% 8 
FER nk 


x he. Aan be 
825 7 mid 15 — 


teſts e 
2 right” ther is the 
Fa en org is 5 Face that 
ely utminated,, ut it 2 Gib: 
iht being Deßetent 2 little * 
art curn'd From che Sun. vn” 
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tion of the Earth, Mars, Jupitei , and Sa 
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tid down in Prop. 1. So by che convetle of 


them, the Obſervation of cheſe 32 
ſerrles and eſtabliſhes chat Org r. 


II iis Bios a* 6 
4 7 |Pnoroerrxb kX. - 10% * 
8 Phenomena of "the Motion of Co 


ale no a tive d Atkerent Or- 


bits, Aale e A tin ſome Obſer- 
vations have been made about them: Tig evi- 
dent that durin their deſernt, near their Peri- 
helium, or 'while they ar in that part of cheir 
„Which is within — on of che Pla- 
as ehe 
bad to che 
= RES 
motig early N 
the Fixe een a 
cle; ex thor deviation from ĩt, on this 
or Dar: fide will de like that of © Planer, 
coordi; is the Matar of of che Earth is, which 
carries along with it the For were che 
Comet vie wWd from the Sun, ĩt would deſcribe 
a Great Circle among the Fixt Stars accurately. 
But its deviation from one, on the account of 
the Motion af the Earth round the Sun, will 
not be very ſenſible in a ſmall ſpace of time. 
If the Earth happen to be between the Sun 
and a Comet, that moves in conſequentia, the 
Comet will be Ret de; for "he Earth 
moves ſo much the ſwifter, as the right lines that 
connect the Earth and Comet converge towards 
che Region beyond the Comet: But if the 
Earth moves flower, then the Comets Motion, 
by taking away the Earth's Motion, likewiſe be- 
comes lower : But if —_ be berween the 


% 
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Earth and the Comet, the Comet 's Motion will 
appear N ** really. it 1. On the con- 

Comets move i entecedentia are 
ſwifter than they ſhould be, wh the Earth is 
between them and che Sun; and flower, or per- 


Farmer. 19 


N — 2 Po 1 0 


— 


ET RENTED LS 
Of the Direign-of the Forces, which: re- 
aka rc ra; oe 


* 4 


. "1 7 — 
 ... ©» Paoponition x. FILA 
'F 4 be moved accordimgito the Direftion 
2 night line t A Z, LTig. 11. J d t 
the ſeme ti be ge iy a Centriget al, Fares tend> 
towards '4 @riaiy given inpmunrcohle Paim ah, 


"Lerithe el be divided lam 
equal parts; in the firſt of which let the Body 
deſcribe the linge 4B, a part of 4 Z, by its Fis 
infes alone, by which it tends to move accord- 
ing to the Direction of 1 ; in 
ſecond part of- Time it will deſcribe the Line 
Be, 50 by the en ang er l e 


| Hodie 
N on 
uniformly on, in the ſame right 


firſt moved in. But when the Body is arrived at 
the Point x, let us ſuppoſe a Centripetal F 


orce 
tending towards, the Point 5, to act upon it by 
22 ſo as that, had it been impelid 
enly by cha Impulſe, it would:in the ſecond 
part —— ww dne 
2 
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that drawing the Line c C parallel to BG, .thro” 
the Point c, and 6 to Be, thro G, the Body 
acted upon b h Inpulfes a: once, will ar- 
rive, in the Greater: time, nt che Point C 
deſeriding che right ne! A C. 1 it is well 
known in Mechanics, a Body deſcribes the Pi- 
agonal of a Parallelogram, both the Forces com- 
bin d, in the fame tim̃e as ir would do the Sides 
with the Forces ſeparated.” *Tis certain likewi 
that the right line B C'is in the Plane of the Pa 
rallel BGCc, both of whoſe Sides BG 
and Bc is in the Plane of che T e ASB, 
that paſſes thro the Center S, of the Centripe- 
tal Forces, and the immoveable right line A Z. 
Beſides, the Triangles SC B, Se R Are equal, be- 
cauſe they are upon the fame Baſe BS, and be- 
eween the Parallels S B, Ce; heck 2 SBA 
are equal, ' becauſe their Ba re equal, and 
height the ſame: Conſequently 98 4 Sc 8 alſo 
are equal. By the ſame method of reaſoning; 
jf in the third particle of Time, x Body deſeribes 
any other right line as CD; it may be proved 
that the Triangle 5 C D is equal to the Triangle 
SBC, and that the right line C is in the fame 
plane with the right nes 8 B, "BE; that is, in 
the ſame with that which is drawn through the 
right _ ne and the Point S. And fo we 
| — g as the Motion is continued, 
in equat — the Area deſcribed by Radii 
Giawn co-che Iaanoteable Comer of the 1 Forces, 
will be. equally increaſed; and by compound- 
ing ing Rarios . any us ſums of Areas, are Arr one ano- 
es wherein chey are deſerib d. 
Ide Line deſcrib d by the Body will be in the 


immoveable Plane, . 
wards S, decauſe eve part of it that is a 
fight line a IC, declines from the foregoing 
hes i 4 "I 
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AB, towards the Center. If you ſuppoſe the 
number of the Triangles, 8 4 B, S5 C, Sc 
to be augmented, and their breadth to be di- 
miniſhed in infnitum; their Baſes, 4B, B C, cp, 
will form a Curve Line, concave towards the 
ſame parts, and lying in the ſame Plane; and 
the Centripetal Force, which before acted, as 
it were by ſtarts, and at equal intervals of Time, 
whereby the Body is continually drawn off from 
Tangent of thas Curve which the 10 
Triangles meaſure) now acts 
And any Areas thus (deſert # SABCS, 
$SABCDES, will be, as before... proporti 
onal ro the Tie of of delexipeion. nn | 


Rb porzrg 

A 7 in « Curve Line 4 B C . 
* ers deſcrib d upon 4 . and con- 

cave towards 1 2 2b Radius drawn 

te S, an immeweable Point fituated inthe ſame Plane 

— the Concavity of the Curve, deſcribing Areas 

oportional to the Times, is — by 4 Centripetal 


. re ek. th tbe Point S. 4 

Curve be i ng ried 
3 c, c, 2 Git as little 
in n ſcribed 


the Centripe- 
cal 2 1 ber — to act only i a 
the, points B 1 1 by ſtarts, as in the forego- 
. Let AB, be produce d toe, ſo as that 
c be equal to 4B; in BC to 4, 
E ae BG; and ho Dh 
115 SAB, w e to S B C, becaule, 
A . the Areas deſcribed are proportio- 
to the Times; and SAB 2 to S Be, 
bean 4 E inequalta Bc: Wherefore 7 
is GO" to S Be, and. conſequently ( 29 
C 3 


nerd the Sun. 


and Venus, do hot 


>> The BIENE N IS Bock 


Elem. r.)Cc is rallel to S. B. Moreover, the 
Body moved along A B, in the firſt particle of 

Time, by its rr 
in the ſecond ; but it really does deſcribe BC; 
in that ſecond Particle of Time: Wherefore 
the I bets in the — in e BE: 
with is ita to Carry t Body along BC, 
| Oi he he caring 2a Ri —— — — es 


is, according to Righe lite 3. 

| the fame manner the "Force acting in 
the C, and in wich the 73; 
275 which alone the Body would deſcribe 


; 
127 


3 . Time) car- 
it in — — is di- 
according to a Right parallel to 4D, 
i "_ to CS: But the Right lines 
e Point S. Thete- 


5 


0 


ov. 
2 


Ti 


ag 2 lines — to che immoreable 


— EE. b. 


r „m | 
H E Forces * the Privinty Pleners, Mer- 


9 en 1 Mn, Totes lr, 


nei 4 tr, Bo not nud rewards rhe harry Ti 


Fer every Body dne is deve in + Curve 


Line, is turn'd o from irs ReRilineal courſe, 
ehar it by fome Force or o- 
ther. And it is evident that the Planets move 


in Curve Lines, becauſe their Orbits return in- 


to themſelves. Now this Force exerciſed upon 


them; does ow rl err ny, becaufe 


the Grbits of two of y, Mercury 
— * 


\ 
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dent from Fron vi; and conſequently they are 
not concave in all their parts towards the Earth: 
Wherefore ( by Prop. xi.) the Forces by which 
y are kept in their Orbits, do not tend to it. 
, Mars, | m 
the Earth, do ſometimes go fol wards from the 
Welt: cowurds the Baſt, | backwards 
from the Eaſt towards the Weſt, and fortecimes 
—.— t Dut = time in which — —— 
perform d, alw ws uniformly ; 21 
therefore the Areas described by a Radius drawn 
to the Earth) from any Planet; are not propor- 
quent dy N | P * 
Planet is" 9 it, 
by a Force dat does not tehd towards the Earth. 
But (fro the Sebdliwm ew Prop. vi.) tis certain, 
chat of Mereuty und Venus ſurround 
the Sum; which is evident likewiſe concerning 
the Orhies of Mats, Jupiter and Saturn, from 
the Sch v Prep. X. And all the Planets, in 
reſpect of thun, are atways Direct in their 
Moon, as is evident fromm Prop. 1; and chat al- 
moſt 'atiiformly,. juſt ax dhe Time flows. Tis 
trus i the move a lierle ſwifter in 
ſore Poly of their Orbits, even in reſpect of 
che Sun, hum in ochers, as ſhall be ſhe wn hereaf- 
ter; but the difference is ſo ſmall, as it may 
here very well be neglected. But even at that 
time the Planets are nearer to the Sun (for their 
Orbits are not Circles concentric to the Sun) 
and their Motion is ſo temper d, as that the A- 
eas deferibed by Radii drawn to the Sun, are 
| equally augmented, as will appear in che ſequel 
of this Subject. And conſequently the Forces, 
whereby the Planets are drawn off from a Recti- 
| C 4 lineal 


— 
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lineal Motion, and retained 1 cheir * 
N Pau tonne fly 


paorosirron XIV. 


T4255 Forces, by which the Comet are kept in their 
ThajeGories {if they be Curvilinesl ) ns 
towards the Earth, but towards the Sun. 
If the Trajectories of the Comets were Right 
lines, they would not be urged by any Forces at 
All rending to a ſituated without thoſe 
Right lines; for if they were, they would be 
drawn off from aReRilineal Motion, and made 
to deſcribe Curvilineal Orbits, by Prop. xi. And 
if che Trajectories of Comets were Curve lines, 
yet the Force by which any ſuch Comet is re- 
tained in that Curve, is nor dire&ed 1owards the 


— which is placed in he — 
Trajectories, a Comet 


2 * fo; 23411. 
4 * bk. 4 
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7 WI | * 
A. © 1 4 a 


Aeon III. 


— — — 
revolving a t 
Primary ones, and their Phznomena; to- 
gether with i the Direction of the Forces, 
man * are "Ec. in their Ge 


4 * tt — 
pe * _— * 
0 = 


PROPOSITION XV. 


Tee and Periads of the Secon- 
dary Planets, or Satellites, ee My 
Ones, —_— from them.  - 

Of. the Six Primary Planets, chat revolye a- 
bout the Sun, chere are but three, as we are ſure 
of by Gbſervation, chat have Satellites, or o- 
thers revolving about them, hence called, Se- 
condary Planets. The Earth has one, viz. the 


Noon, com g its Revolution in 27 
and about bout 60 Semidiameters of 
che Farth from it. 


. iter has four; che inmoſt of which revolves 
14 2 Day, at the diſtance of 53 Semidiame- 
eers of. Jupicer from his Cencer; T3 ſecond re- 
volves in 31 Days, at the diſtance of 9. Semidi- 
ameters; the third in 74 Days, at the diſtance 
of 144 Semidiameters; the fourth and outermoſt 
revolves about Jupiter in the ſpace of 16+ Days, 
being diſtant from his Center 25 Semidiame- 
ters = Jupiter. 
| Saturn has five; of which the innermoſt re- 

volves in ag of a Day, at the diſtance of 44 Se- 
2 Saturn, from the Center of Sa. 
; the ann. in the ſpace of 24 Days, C 
the 
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the rie 
the third, in ys almoſt, at the diſtance of 
2 Semidiamert Ia fete fourth, in almoff on 5 
at the 8 f 18 Sem migiamerers; the 
and dutertnoſf bf all, that 
reyotves: ubdut Saturn in 264 Days, — 
ſtance of 54 Senitliameters from the Center of 
vn} dee Solv Sp ters, as far as it has 
Mun is of 7 Barde much 
e that in the Scheme | Fig 13.] But between 
the two laſt Satellites of Saturn, 
there revolves. a Sixth, the ſpace being-larger 
than it ſhould be, in proportion to the diſtances 
of the others, or that ot heed the ochre beyond 
the fifth revotring about Saturn, but not ſeen 
as yet, by reaſon of their Obſcurity. The 
Planes of the Orbits of the Satellites of the 
ſame primary Planet, do not eoincide, but are 
variouſly thetffd to one another, and to the 
Plane of the Ordit of the Primary one. 
likewife is encompaſfd wich a tin 


26 
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100 


75 
oh; 


es of the Auf 


of Saturn 71 e the 
oo Fee ous 
Shapes. This A Lena hy by Hagen, in 
his Sy ema Saturnium, Printed 1659. The Dia- 
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_—_ is to the Dixinerer of Saturn, 
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|  Fidocararks XVI. A 
T* ca the Phat the e 
r S Body ilu- 
193 | 


an ae . „[ e ia Rows: 
tion about the 2 its = RT, 

moves ini its Orbit the fanie way 22: bod 
does, from A thro* B, C. &. Nee 
Moon's Orbit does not coincide wich the Plane 
of the Ecliptic, but is inclin'@ to it by an Angle 
of about five - and the common inder⸗ 


the Ecliptie, che former 8. 4e to the North, 


Sar aces 


lattex d XK & towards the South, and vn 
account Per N the Diagram, 


3 90 


the Ecliptic: 
Part, 5 EA the 
. 
p the 


the e tha, 1 
e Link of the Nag docs not always 
poſition, but i moved with an 
otion, ſo as chat de Nodes go back- 
F 
C, B, &c. contrary to or £ 

compleating a Revolution in about 19 Years. 
From whence tis certain, that the Moon can 
rever be found in the Eckpeie above twice in 
its Moimhly Courſe, nd — | 

E 


9 


Moon will not ap 
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Node g or U; all che reſt of the time it is 
wide of it; and the Latitude of the Moon's de- 
viation is meaſut d by the Angle in which the 
— os g the center of the Moon 


( = 2 —_ the Kaus, 
rec a to W J 
7 9 — he aer = 


| Pla 
** 


as Was 22 2 
— inferior Planets, in Prop. vi. 
at A in the Scheme ig. 14. 


CY 
we w 
h e WULL 


this Phaſs 
or 2 the Moon is call'd the Full, 
Fg doom be remor' to B, the S 200 
CORUALINg as W 
the bright or illuminated halt .w — — 
from the Earth, and part of the obſcure or 
darken d half turn d towards it; hereupon the 
full, but Gibbous, or a 
(era lo in oppoſite to the Sun. 
ſitnation C, where. 


and the Mags in ene; 


12 ent gr 
The Moon arriv 
e arne: 
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of its Salute, half che Hemiſphere which 

is turn dito the Earth is inHuminsted, and half 

dat; n e appenr's half 

Moon, in che decreaſe. oon 

| farther; for thſtatice, ©o B ber a Hilo f 8. 
. is inbighren'd; 

—— the dark: 1— 


the ee, G 
— N 


cal,'bu appar pa Hom: 
— ELSE = 


be — Sb the next Propoſiti 
the preſent caſe, turried towards the bs we adfy 

lengetiwheh the Moor is eome to the 3 

or into conjunction wirt the: Sun, alk the in- 

tend half is turned from me Sun; and con- 


ſcyquenely the Moon will be'tnrirely dark, and 


become a Nen. Aſaon beczuſe it wilt ſoot up- 
2 F, and ſhew fs Horne fill turnd from 
che Sun, and confequently now towards the 
Eaft. Aſterwurds being upon che increaſe; it 
will appear a half Moon — at the end df the 
firſt Quarter, as it did in Cat the beginning of 
the arter 5 then Gibbous at V, till it be- 
come fu in at 4, For greater evidence 
and cl of the whole, w have drawn the 
Appearance of the Moon ſeen by us, corre- 
ſponding to every diſtin uation,” and Plac d 
it juſt behind wr 

Tho che time of the Moon's: Wan +- 
bout the Earth be but 27 Days, 53: Hours, which 


is call'd a Periodic Month, yet by 7 Month, 'or 
intire Luzation is commonly underſtood all all that : 


fpace of time that is one New Moon 
| che next following, which is greater than 
the abovemention'd Periadic Month; thecauſe 


during the Periodic Moth, in which" che 
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[gag] Let CD be a Diameter of che Circle; 


U 
A another Dia 


2.3 right line co 1 
and Moon, perpendicular to it; and 
mater to which the Right line 


A 
L, connecting the Centers of the Earth and 


Moon, is 
pr 


s # 9 5 . 


perpendicular.- From the Point D, let 
rpendicular'to 4 B, merting 2 E. 
. : ou e 


— — 


ca Me het ENG 
ſoure 0 


th.. Eorat 50 

zuls right 

gle. D LI the 

ae mention d wil be 5 which "uy 
Farr Oy le Bu pany 41 — 

oon's Diſtance from the le 

VIZ. — is known; conſequently” S L. I, its 

Complement to two right: For the of 


S mall, in com- 
Fon, ns Kohl 7, Earth from the 
We th: the Bog lines 7, LS, l 
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the Earth and Sun, may be taken for parallels. 
Make therefote, Ut ave wicthe Radius into the 
verſed line of the Angle TES, ſo is BA to 
BE. And ſince the Hemiſphere of the Moon 
ſeen from the Earth, a N as it 
r Glebe en den at 
oy Tips Ops, Le 
MB aCir e 
en e ere made by 
the Section of che Moon with a Plane erected 
upon 4B," arid confi deſcribed upon the 
ſane Center T, and with the ſame Diameter. 
Becauſe the Moon is at a conſiderable diftance, 
each point of its Diſc will be ſeen by Right 
lines p: to che Right line LT. And there- 
fore BE; and 1 E, wilſ be the — — 
of the inliptirened'and obſcure parts in the Dj 
e 49; and deferive en, Ahe 
to 4B; an deſcribe 

E N. whoſe greater Axe is MN, e 
egnaf tb twice LE, MANEM will be che in- 
d Part, and 8 the N 
Part of the Moon's Diſc 4 MB N. 

| For the bourdary of iuminatjonon the Sph 
rical Surface of the Moon, by the Sun, w "44 
is hkewiſe Spherical, is z Cirge; and this Cir- 
cle ſeen at a, y, appeats like an 
Ejlple, "whoſe Seqmiaxes are L A, LE, as is e- 
vident from Tis ſeen obliquely by TL, 
becauſe the Right line 8 J. perpendicular to its 
Planes, is inclined to LT; excepting when the 


Moon i is Full, where they coincide. | 
In the Conſtruction of this Problem, w ; 
io : 

Bade ths 88 —— 


pos d half the Globe of the Moon to be 
ten d, and half likewiſe to be ſeen b 
tor, tho neither of the Suppoſſ 
* ad 


* 
ſufheientiy . 
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bra is diffuſed all about the Shadow. Let 
© the Sun, [ Fig. 21.] E. the Earth, and let 
Right lines be drawn juſt as in the 7 Alt 


| the Shadow 7 7 ATR, where no of the 
Son's nch e . 


"i 


of Coden fear 1 L . is 4 
makes her look 8 ps 


= Ac te Sun mut meet one or 


Nodes twice every Year; and een | 
Earth's N perforace, AS 
Moon's Orb in the other Node. If tt 


a eee de ae "che Moon 


and centrally Echps d, 
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| The ſame Phamonderiz witlagpear io Japicee 
5 For their — Ir Mtoze, will 
” eclipſed; 'by N Og” » in the ſhadow 


93 
a are el el by: 1 by us, jag nt the; 90 


aur Moon may be obſerved from them. wot 
e dee 


aaſts 2 ſhadow upon the Pri- 
to move along the Dick of 
from Eaſt td Weſt li 


2 * - PROPOSITION. XX. * 
of the 23 Planet: 3 

* XV. is urged a Force. Tp 
e es reading to the center the Primary, 


centers of vhely Philwary ones refpetively; © 
Saturn 
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X Primary; infucky Lhe th Shu 
of - the” Piriodic Tiers re is "ite ne i - 
the Cubes of "their A er the 
Pre. bh FP INA 'x'L x 
This Theorem is ab inks evident from 
the Obſervations of Aﬀtronomers! And by the 
—— 1 — . 
= the — a8 the Perio- 


HodkT of ro Our. 
de nend, wh 


5 


S Wy e 


b>, the Square of 


lites of Stur, 


The 


44 The ELEMENTS Bock I. 
ſtance of Ju ſoo rhe Have, 28 9 fo 5 al- 
Cs are 729.and 125. 52.75 | 
_—_ choſe: Squares are nearly as theſe Cubes. | 
SS 


times greater than the Period of Mer 
8 ne Nee 


Diſtance of. the Earth from the 

the Diſtance of Mercury 

is, by Obſervation, hone 4. of 3, 9; and their 
Cubes as 1000 to But 17 is to 1 as 


1000 to 59; And 5 on in che other Planets, 
c ect the Diſtances and Periods are 


pforgstriox, ite” 


"HE $ paces that 4 Body deſcribes, Ab 


kind f ber her it be det 
T's 23 poet ap ny in cnn 


at the 
DB, EC: Aud the Spa 2 
NE will be 2 ABD, ACE, 
gle up, 24. ny, ere, of theſe Ordinates; name- 
ly, the * deſerib d in ev fmalleſt parti- 
ge. of * Time, being as. the V and that 
of Time conjunctly. But, in the be- 
2 . 


belongs to the infinite} 


ee e e 
ight line A ich is 2 Tan 
r Tit of theſe fimilar rect 


eo IAE 
From thence we ma 


PROrOS IT ION XXIV. 
He naſcent or- eqaneſcent ſubtenſa 
Centad, in any Circle, is in the 
of the conterminous Arc. 6, 44 
Let 4DC 
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conſequent ly proportional | to them, as their u. 
dequate Cauſes; that is the Centripetal Force of 
the Body 4 is to che Centripetal Force of the 
"$$ EPt&CD. Make the Fig; MGH ſimilar 
ed the Pigs 7C p; wherefore G H will be a na« 
ſcent” Ri : And ſo C D is to & H, as the 
Arc T D, to the Arc AT H And, the præceed. 
GHisto E Fas M HA to MF1: therefore, 
ex aquo, CD's to EF, is (TDx MH to 
MHx MFA; that's, 3 TD NH to MF? 
oras  TDXMHNST toMF4xST: And 
ſinco TCD, & Hure similar the Arcs 
TD, M H are fimilar ; that is, : S M:: 
MH. Wherefore MHx $7="Px $ M. Then 
by Subſtiention CD's EE :: 3 
7D ia 

4 H x8T=) IF Te 
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M were to 

on, Thereſdfe e Force of the 
Bod revowing in 7 R, is to the Centriperal 


mene he Body revolving in 1 4, as LES 


. to 2 | And, (hetauſe theMorion in both 
2 Hera 7.0 and E being deſcrib'd at the 
| „ . 
Lame rime, hay e time. Wherefore | 
. - « Body unobvingia TK, 1 

Centripetal Force of a revolving in 
M A, as the Square of ud Are ere in any 
_ ho, rb darn dds net 096g 


Py ttc apt M7 2:3 It} 
abovementioned Bodies enn 
de od 199, hy wo Sing, * 
ing 


2 2 
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conſider d as it is in t 
1s calfd the Centripetal 
as it is in the Body ſtretching the String, may 
be calt'd the Centrifugal Force: And conſe- 
quently all chat has been ſaid concerning the 
entriperal Force, is true alſo of the Centri- 
fugal Force. Which was to be demonſttated. 
= _ COROLLART . ns” 
From hence it follows, that if a Body uld 
be let full towards the Center, being acted upon 
dy the Centripetal Force, that Kept it in the 
Gird e; ſo as that this Force be neither augmient- 
ed nor diminiſhed in ics deſcent, but continue the 
fame,” and to the firſt impulſe continually ſuper- 
add a new one equal to it, (which is the Galzean = 
Hypotheſis of Gravity : ) In the time that che 
ſaid Body deſeribes an Arc in the Circle, it 
would, in its deſcent towards the Center, de- 
ſcribe a Right-line, equal to that which is pro- 
duc d by t nate of that Arc applied to the 
Diameter of the Circle. For by this Prop. tis 
evident it is done in the innin the 
Fall; and in the preſent Hy is of deſcent, 
the Spaces run are in the duplicate Ratio of the 
Times; and'fince the Circle is equably deſcri- 
bed, the Squares of the Arcs deſcribed are alſo in 
the duplicate Ratio of the Times of deſcrip- 
tion: Now the application of theſe Squares, to 
the Diameter of the Circle, being a conſtant 
Quantity, does not alter the Ratio. Conſe- 
| quently it Holds perpetually. So that in this 
_ Hypotheſis of an uniform Centripetal Force, a 
would itt half the Time that it deſcribes 
an Arc of a Circle in, deſcend the length of a 
line,” equal to that * by the EA 
0 
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of the Square of half that Arc to the Diameter 
of the Circle; namely, the ſubquadruple of 


the Right-line, it would deſcend in double the 


time, viz in which it deſcribes the intire circu- 


C( 


lar Arc. 


ROLLARY 2, 
a From hence likewiſe it follows, that the cen- 
tal Forces of Bodies, deſcribing different 
TRE by an ble Motion, are in a ratio 
ed Oo apa oy: ratio of the Velo- 
tier directly, and of the ſimple ratio of che 
Radii inver ely. * the Motion in any Circle 
being equable, the ratio of che Velocities will 
be the ſame with that of the Arcs deſcribed in 
che ſame time; that is, of the Spaces run in the 
fame time: But (by this Propoſition) the centri- 
Forces are in a ratio compounded of the 
duplicate ratio of the Arcs deſcribed at the ſame 
time directly, and of the ſimple ratio of the 
Radii inve ely : Wherefore the ratio of theſe 
Forces is compounded of the duplicate ratio of 


the Velocities directly, and of the imple ratio 
of the Radii inverſely. 


PxorostrIoR XXVI. 
. 2 hy being Janis, 1 1g ugh the 


Forees are 1 
of the Period on applied to the Leu or + of the Cireles; 
are in a ratio compounded of the . 


or that they are 
ratio of the Radii directly, and of whe duplicate ratio 


of the Periodic Times iwverſely, The ſame alſo is true 
of rhe centrifugal Forces 152 Bodies. 

Let the centripetal Force of one of the Bodies, 
moving in one of the Circles, be call d V, in che 
other v; the Celerity. in one Circle c, in the 
other c; the Arcs at the ſame time deſcribed in 
the firſt Circle A, in the ſecond 4; the Radius, 
| or 
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11 

or Diſtance of the Body from the cen 
firſt Circle D, in the cen the? eee 
Time in the firſt Circle 7, in the ſ * 0001 
Tis well known, that in comparing mo- 
tions of Bodies t , the Spades run are in 
the compound ratio of their Times and Celeri- 
ties directly. But the Radii of the Circles are 
proportional to che intire Circumferences, which 
are the Spaces run in the Periodic Times. And 
therefore D: d:: CMT: et, lo that C T A 
=cxexD: therefore C 7 xd? e * 


xD®. Therefore, dividing by D*«4*, * 


0 fanie wich EE AE or 


of t to, and O to 4. Therefore the ratio of 
to v is equal to n A N. and of 
D to d. 

What has been ſaid of the Centripetal Forces 
of two Bodies revolving about a Center, is true 
of their centrifugal Forces; fince they differ 


8 as was 


n. 2. E. D. 


only in the manner of con- 
* the foregoing Propoſith 


COROLLARY x. 
Conc A from Corol. 2.Prop.pr reed) 
it follows, that it the Periodic Times are 


then, 9 well the centripetal Forces, as the Velo- 
cities, 


E 2 For, 


win be as che Radil ; and vice verſa. 


E 
CY 
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For, by this Propoſitio 5 Where 


#4 T 
fore if Tus, or T , then will T: v:: D:d. 
And vice verſa, if V: v:: D: d, ſince J: v:: 
De* > dT”, then D: d:: D,: 41; and conſe- 
Tr, or Tt. The ſecond part of 
che Corollary appears from hence. In the com- 
| yr of Motions, the Velocities are as the 

paces run in the ſame Time. Bur, ' becauſe 
the Periodic Times are e 
the ſame time are the Ci ferences of the 
Circles; but they are as their Rad. Conſe- 
quently the Velocities are as the Radii. The 
converſe of this Propoſition is drawn after the 


, the Spaces run in 


=» COROLLARY 2. 
' Hence alſo it follows, that if the Squares of 
the Periodic Times ate as the Radii, the centri- 
petal Forces are equal, and the Velocities are 
in the ſubduplicate ratio of the Radii ; and vice 
verſe. For from this Prop. Fee —* Ive 
by ſuppoſition, T ::: D:d, or Dxt''= 
dx T. Therefore / and v, proportional to 
them, or the centripetal Forces themſelves, are 
equal. And vice verſa, if Y==v, the quantities 
proportional to them will likewiſe be equal, 
namely, Dx:'=dxT"* : And therefore D : 4: 
7* :t*. In like manner, becauſe by Cor. 2. of 
che preceding Prop. rg Be and in te 
preſent caſe, Vu, then C xD will be equal to 
c & D, orC*:c*::D:d; chat is, C:: D: 
. The converſe of this is drawn after the 
fame manner as that of the former. 


COROL- 
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I the Circles deſcribed are che centri- 
Forces are reci as the Squares of 
the Periodic Times : For the ratio of the Radii, 


in this caſe, being that of equali makes no 
alteration in the compoſition. * | 


PzorostTION XXVII. 
Bs E 'E (aww; things being ſuppoſed, if the Bodies 
uch a manner, as to the 
* pry the Periodic Times as the Cubes of the Ra- 
dii, then the Centripetal Forces are reciprocally as the 
Squares of the : And the Celerities of the Bodies 
2 a: the Square Roots of the Radiz ; and 


Vice 
> An che CharaQters uſed io hed Grenier 


are, tis evident from it, that /: :: 


=. . From whence it follows, that — 
==, or 774 t D. W 
aur 26. And by ſuppoſtion, Di: 43:2 
F* :-1*; therefore Do: V: D3: di. Conſe- 
And > Dwd* = _— or v = Ds. 
fore /: v:: d 94. 


in the demonſtration of the forego- 
ition, it was ſhewn that C* xũ 7 x 


ing 
4 x2* xD*. Wherefore e x D* : C* x 


2 7s t. But by ſuppoſition, D3 : 43 :: Ta: 


Therefore c* x D* : C®* x4* 3: DI: 43, 
the 


Abd fo : C* :: D: d (or by extracting 
x TLC. Te 2 


4 *. rhat is, C: cred: V. Which were - 
to oy demonſtrated. 


The Conyetſes of theſe are evident. For as 
from the putting 7*: :*::D3:2 it follows that 


: vd: D', and . Dt; fo 
| E 3 con- 
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converſely, from the ſuppoſition of any one of 
theſe, you return to the former Proporti- 
on, viz. T7 D 4 and from heiice 
again to the 7 Concluſion.” us ſuppoſed 
quently any one theſe three being 

the other two will usw. 33 #0 

SCHOLIUM. 
The three 


preceding Propoſitions (and their 


| Corollaries) are true, not only of Bodies revol- 
2 in concentric Circles, but of ſuch alſo as 


ibe Circles whoſe Centers are intirely dif- 
ferent; ( for the identity of Centers was not ſup- 
poſed in the Demonſtration ;) and of thoſe that 
deſcribe ſimilar parts of any Figures, having 
ep Sn pa Pen 
: in the ration of theſe Theo- 
rams in Circles, are L cqually true of all other 
Figures like thoſe we but juſt now deſcribed ; 
namely, that the naſcent lineola GH (in F3 
27.) is to the nafcent lineola EF, 'as M 
to AF (for this is demonſtrated of any Figure 
that à Circle is equicurve to, in Prop. 24.) and 
that MH is to TD as SA to ST, is true of 
ſimilar Figures ; provided the Center $ be 
poſited in both Figures, and MH, TD, fi- 
milar, and ſimilarly poficed parts of thole-Curves 
in teſpect of the Center. And inſtead of am e- 
uable Motion in Circles, if the Figure be dif. 
nt from a Circle, the Motion ore Body 
| — Perimeter of it, muſt be ſuch, as that the 
Areas deſcribed, by rays drawn to their Centers 
ſimilarly po ſited „be proportional to the (wge 1 
. ocherwiſe ſe (by Pro, 12.) the Forces, whereby the 
wn afide from their Redtilineal 
Norden, and kept in their Curvilineal bi 


90 not 0 much as tend to thoſe Centers. 


t.0 Þ$:} of # 144 
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' ProrosITION XXVII. 
HE Forces, whereby the Primary Planets are 
ually retracti from their Rectilineal Mo- 
tions, and retained in their Orbita, are reciprocally as 
the Squares} of their Diſtances from the Center of *he 


Sun, which they reſpe®. 


That theſe. Forces 
Sun, has been ſhewn in Prop. 13. But that the 
Law of theſe Forces is ſuch, as that they are re- 
ciprocally as the Squares of their Diſtances from 
the-Center,. or that increaſe as the Squares 
of the diſtance d „ and decreaſe as the 
Squares of the diſtance increaſes : As for in- 
ſtance, that the Force whereby the Earth is made 
to tend towards the Sun, is retained perpe- 
tually in its Orbit, ſo as not to fly off in a Tae 
gent to it, is to the like Force in Mars, as 

to that in Jupiter as 27 to 1; becauſe the di- 
4 che Earth from the Sun, is to the di- 
ſtance of Mars from the ſame, as 2 to 3, and 
to the diſtance of Jupiter, as 5 to 26 ; and that 
the Centripetal Force in the Earth is but half 
that: in Venus, becauſe- the + Earth's diſtance 
from he Sun ĩs to the diſtanee of Venus as 10 to 
7; and ſnon in the others, is thus demonſtra- 
ted. The otion of the Planets revolving a- 
bout the Sun, and tending towards it as a Cen- 
ter, is ſuch, as that the Squares of the Pe- 

iodie Times are as the Cubes of the diſtances 
the Sun, by Prop. 22. Now by the pre- 
ceding)Prop. the Centripetal Forces of Bodies 
revolving according to this Law, are recipro- 
cally as the res of their diſtances from he 
Genter: tis evident that the For- 
ces reſpecting the Sun, by which the Planets are 
gcted upon, and retain d in their Orbits, are re- 
7 E 4 cipro- 


= 
_ 


Primary 


Earth, can't be deduced after this manner. Net 
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ciprocally as the Squares of their diſtances from 
the 1 of the Sun. 


Prorost Trion XXIX 


"HE Forces whereby the Secondary Planets are 
retained in 2 Orbits, — as — 
Squares their Di n Center 
4 „ to whic e Forces 5 
For luce (by (by Prop. 21.) the Motion - pq — 
Circum-Jovials revolving about Jupiter, and 
Circum-Saturnials revolving about Saturn, is 
ſuch, as to have the Squares of the Periodic 
Times in the ſame ratio with the Cubes of their 
— — ee. 79 455 
turn re 23.0 
La — bo he — wr 42 U. Di. 
w are as t 
ſtances from heir Center: Tis — that — 
Centripetal Forces; whereby the Pla- 
nets are — —— towards Jefof thei and 


Saturn, are reciprocally xr of their reſpective 


s from the Center ol 
W 


— | | 
But this Force in any Secondary 


ly one part of” "the'whole Foz: the 
— — le Fa — to Dh — 
whole accelerating Force Primary 
is urged ; as has been ſhewn in Pre 20. 2 


As for che Moon, the Earth's attendant, be- 
cauſe it is ſolitary, it has no other Secondary 
to be compared withal, as to Diſtance and Pe- 
riodic Times. So that the Law of its Centri- 


petal Force, whereby it is urged cowards the 


hereafter you will find ic drawn from the Figure 
bf the Orbit that the Moon deſcribes about the 


P which We We have conhigered as 


$4: 3. A not 


1117 
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not differing ſenſibly from a Circle. But if it 
really were a Circle concentric to the _ 
the Law of the Forces whereby it is retained in 
its Orbit, could not be from hence diſcovered; 
For ſuch an Orbit may be deſcribed by a Body, 
let the Law of the Centriperal Force be what it 


will. | 
fallow! 22 to Propoiions that 
t follows from theſe two Pr t 
DS een ne bo 
| among th t next the 
reſpective Primary, moves faſteſt. For it has 
been demonſtrated, that in both of them, their 


Centripetal Forces are reci as the Squares 
of their Diſtances from —.— And in 
Prop. 27. it was demonſtrated that the Celerities 
in this caſe are recipr as Roots 
of their Diſtances from the Center of Motion; 
or that a mean proportional between the Di- 
ſtances of that which was nearer, and that which 
was more remote, is to the diſtance of the near - 
er, as the Velocity of the neater, to the Velo- 
city of the more remote. And ſince the firſt of 
theſe Quantities is greater than the ſecond, the 
third, will be greater than the fourth; that is, 
the Velocity of the nearer is greater than the 
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of the Motion of the Prima 
their proper Axes, and of 


thence ar 


— * n | — 


-ProrogtTION XX. REV 
Te. "explain the Motion of | the: Culeſtial Radjes 
about n Tn 
3 « Joay — noe moved, we maſh 
it, that.every every point in it, is 
| at reſt. Buti if we ſay a Body is moved along 
a — we intend to 
„that the Center of Gravity of the Body 
— while the parts of the Body; 
in reſpeck of the whole, remain at reſt; that is, 
every lincinthat Body retains a ficuarion parallel | 
to that. it — it was — — — 
guendy every line in the Bo us moved, re- 
mains always parallel to it ſelf. For after tbũs man · 
ner, and this manner only, will it happen, chat 
che Sum of ale Mocions will beche (that 
0 motion of the whole thelcaft,:as is ſuppo - 
) and that any point of the Body thus moved, 
is as much moved as any other, and deſcribes a 
line ſimilar and equal, and only differing in 
firuation : For the line deſcrib d by the 2 a 
of Gravity, is ſuppos d to be deſcribed by the 
Body it ſelf, from the known nature of a Cemer 
of. cavity. 


If a Body be ſaid to be moved about 2 given 
Axe, being in other reſpects not moved, that 


Axe i is ſuppos dr to be unmoy'd, and every poine 
ous 


Planets about 
Phznomena 
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aut of it to deſcribe à Circle, to whoſe Plane 
the Axis E l ah And for that reaſon, 
if a Body be cartied along a line, and at the 
ſame time be revolved —— a given Axe; the 
Axe, in all the rinie of the Body's motion, will 
continue parallel to ic felf. Nor ĩs any thing elſe 
required to preſerve this Paralleliſm, than that 
no other Motion befides theſe two be impreſſed 
upon the Body; for if there be no other third 
Motion in it; its Axe will continue always pa- 
rallel to the „ r to WH it an d 
pardlleh” 
Theſe things being f 
8 that er Celeſtial Bo- 
dies, (if not all t at leaſt every kind * 
the Miotions f of in general do 
revolve about their Axes. And, firſt, ack ob- 
ſervations, of Spots in the Sun, tis evident 
that the Sun, the only Body of its kind, in our 
Syſtem, revolves from Weſt to Eaſt about an 
D rn BETS 
le of about 874 pace 
— Days. And ſince the Sun Has no pro- 
| gener Motion its Axis continues unmoved. 
mong the Planets, the Earth revolves 
with an dtion, from Weſt to Eaſt, 
about an Axe cli d to the Plane of 
Ecliptic, in am Angle of 66+ Degrees, in the 
ſpace of a natural Day. And fince' the Earth 
alſo is carried abaut the Sun in the ſpace of a 
Year, its Axe muſt however continue parallel to 
it ſelf, tho it can't be intirely at reſt. And this 
will come to paſs by means of theſe two Moti- 
ons alone, without the aſſiſtance of a third 
which ſome have groundleſiy invented and calf'd 
by the name of ' Paralleliſm. But the Axis of 


the Earth, Sn to it ſelf, 0 


remiſed, "Ns madden 
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to ſenſe, during one Revolution, yet after ſeve- 
ral, it changes this Site. Of the Cauſes and 
Phznomena whereof, we ſhall ſpeak in a proper 


After the ſame manner Jupiter is revotved, 
from Weſt eo Eaſt, about an Axe in the ſpace of 
about xo Hours; Mars in 24+ Hours, and Ve- 
nus in 23 Hours, about their Axes; every one 
of which therefore continues always parallel to 
itſelf, if theſe Bodies are not moved by any 
other kind of Motion beſide their Revoluti- 
on about the Sun, and Circumrotation about 


their own Axes. | 

Among the Planets, the Moon, 
the Earth's attendanc, beſides its monthly Mo; 
tion about the Earth, and annual about the Sun, 
(by which alone each line in it would be always 
parallel to its ſelf,) it likewiſe revolves about 
itſelf in the ſame ſpace of a Month, fo as to 
turn always the ſame Face to the Earth. | 

We are not ſo certain yet of the other Planets, 
both Primary and Secondary, from Obſfer- 
vations. Notwithſtanding, tis probable that 
they, like the former, revolve about a certain 
Are; for this reaſon, that every part of them 
may be brought under, or removed from, the 
Rays of the Sun, more than once in one Revo- 
lation about the Sun, and 1 A Changes 
and Viciſſitudes ſuicable to their Nature. | 


' PrxoposITION XXXI. 
deſcribe the Figure of the Sun and Planets, 
| r ing about their. own Axes. 

If the Sun and Planets were deprived of all 
Motion about their Axes, 4 put on 2 
Spherical Figure; ſuppoſing their parts like the 
parts of the Earth, to grayitate towards their Cen- 


ber, 
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ter, (ſuch as really they are, as we ſhall afterwards 
9 rr indy and either are now or were for- 
merly fluid. This is demonſtrated by Archimedes 
in Hydroſtatics. From a Motion about their Axes, 
it comes to paſs, that their Parts receding from 
the Axis as much as they can, endeavour to 
aſcend about the Circle that lies betwixt the 
two Poles, by a Centrifugal Force ariſing from 
their circular Motion. And therefore if the 
Matter of the Sun or Planet be fluid, it will in- 
_ creaſe the Diameters of that middle Circle be- 
tween the two Poles, by its aſcent ; and leſſen 
the Axe towards the Poles 7 deſcent, and 
conſequently conſtitute an oblate Spheroid, ge- 
nerated by the rotation of an Ellipſe about its 
leſſer Axe; being depreſſed towards the Poles, 
and elevated towards the Circle that lies ex- 
actly between the Poles, more or leſs according 
to the quantity of the Centrifugal Force. This 
Spheroĩdical * is obſerved in Jupiter by 
the help of a Teleſcope; and is proved to be in 
the Earth by Experiments, (ſince we can take a 
view of her at a diſtance.) | 
FC 

As this Spheroidical Figure follows upon the 
tion of the Body about its own Axis, the 
idicy of its Parts; ſo, on the contrary, from 
this obſerved Figure, we may juſtly infer its Mo- 
tion about its Axis, and the (former) fluidity of 
its I N | 


* 
9 * 


PazoPosITION XXXII. 


O explain the Phenomena ariſing from the Di- 
urnal Motion of the Earth about its Axis, ſeen 
_ Fom the Earth. LED | 
In the foregoing Propoſitions I have ſhewn, 
what would be the Phznomena of the ** 
| 0 


* 
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of the Sun and Planets ſeen from the Earth, if 
the Earth were a Point ; as that the Sun would 
ſeem to move among the Fixt Stars from Weſt 
to Eaſt ; that the Planets would ſometimes ſeem 
to go forwards, at another time backward, ac- 
cording to the ſituation of the Sun and each 
Planet. Bur ſinge the Earth is an opake Body, 
and large enough, in reſpe& of the Obſerver, 
that ſmall part of irs Surface, tho Spherical, 
which comes at the ſame time under his 
confin'd view, will ſeem to be extended like a 
Plane. And the Eye taking a view of the Hea- 
vens all around itſelf, definesa concave ſpherical 
Superſicies, concenttic to the Earth, or rather 
to the Eye ; which the abovemention'd Plane 
of che Earth's Superficies, becauſe drawn thro? 
the Center, will divide into two equal Parts, 
one of which will be viſible, but the other, b 
reaſon of the Earth's Opacity, will lie conceal'd. 
Becauſe- the Earth moves upon its own Axis, 
the Spectator ſtanding upon it, together with 
che ſaid Plane he ſtands upon, call'd his Horizon, 
dividing the viſible from the inviſible Hemiſphere 
of the Heavens, is carried round the fame way, 
wiz. to the Eaſt. From whence it is, that 
jects ſituated towards the Eaſt, and inviſible, 
become viſible, the Horizon ſinking as it were 
below them; and Objects ſituated towards the 
Weſt, are hid and become inviſible, che Hori- 
zon being elevated above them. And the for- 
mer Objects therefore will appear to the Spe- 
ctator, who uſually reckons the Place he ſtands 
in, to be immoveable, to aſcend above the Ho- 
rizon or riſe, the latter to deſcend below the 
Horizon or ſet. | „ 
Since the Earth and the Horizon of the Spe- 
Aacor fix d to it, continues to move always = 
0 
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N A Bodies, and ul Appearincs — 
; an 
that don't LY that Motion (that is, all 
ſuch things as are ſeparate from the 
Earth) will ſeem to move in the like time uni- 
formly, but towards the fach üg; — 7 — 
u 


from Eaſt to Welt, excepting 
Earth's Axis produced will meet wi mich, che 
will appear at reſt. And every one 
Objects & according to Senſe, wall deſcribe the 
Circumference o 28 to whole Plane the 
Axis of the Earth is icular at the Cen- 
ter. And becauſe all theſe Circ 2 
with the viſible Objects deſcribing 
pear to be in the concave Spherical Sunerficies 
of the Heavens, concentric to the Earth; eve- 
ry viſible Obje& will ſeem to deſcribe a greater 
or leſſer Circle, according to its. greater or leſ- 
ſer diftance from the Points above deſcribed, 
that ſeem ar teſt. In hot, the Celeſtial Sphere 
will ſcem to be moved from Eaſt to Weſt, in 
the Space of -a Day; about che ſame Are in 
Poſition, about which the Earth recall en | 
l from Weſt to Eaſt: And tho 
will be the Poles of chis Motion, in kick che ** 
Axis of the Earth produced meets with its Super 
ficies; and that will be the middle Circle — 
| the Poles, and conſequently the greateſt, (call'd 
the eEquinoZial and Equator, for teaſons to be 
explain d in the next Propofition,) where the 
Plane of that Circle of the Earth, which lies 
exactly between the Poles, being produced, 
meets the concave Sphere. And univerſally, 
any Circle on the — — of the Earth, — 
by any Point of it, in the diurnal Motion of the 
* has a correſpondent Circle in the Cele- 
ſtial Sphere, made * che bun ow — 
urface 
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Surface of the Celeſtial Sphere with che Super- 
ficies of a Cone, whoſe Baſe is a Circle marked 
on the Earth, and Vertex the Center of the 
Earth. The Axis of the World, and the above- 
mention'd Celeſtial Circles, have always the 
ſame ſituation among the Fix'd Stars.; becaufe 
their 13 Terreſtrial ones, from whence 
they have their original, produced fo far, fall 
upon the ſame Stars, as to Senſe, in what Point 
ſoever of irs Orbic the Earth be placed. 


PROPOSITION XXXIII. 


0 in the Phenomena of the Sun ſeen from 
the Earth, 'ari 
the Earth about its Axis, in romj unction with its An- 
nua Motion about the Sun ; that is, to explain the 
changes of Day and Night, and their variety in dif- 
ferent Places, and different Seaſons of the Tear. 
Tho' each place of the Earth be inligh- 
ten'd by every Star that is above its Horizon, 
yer the illar on of the Sun being ſo v 
great above all others, its being above the Hori- 
Zon alone is called Day; and its abode below the 
Horizon is called Nigh: : And becauſe the Sun 
is intirely ſeparate and remote from the Earth, 
and fo does not partake of its Diurnal Motion, 


it will Riſe and cauſe Day, in reſpe& of a given 


; and being catried thro the midſt of the 
eavens, I a Circle to appearance, ha- 
ving the Axis of the World perpendicylar to its 
Plane, will at laſt Set again; making the Night 
to continue, till by the apparent univerſal Revo- 
lution of all the Celeſtial Bodies, it come up a- 
gain above the Horizon of the ſaid Place. 
To explain the variety of the Days and Nights, 
and the Seaſons of the Year thence ariſing, ima- 
gine the Circle VSV Fig. 28.] to ay 
: | t 


Diurnal Motion of 


j 
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222 | fa ue the E 17 CHE ny 
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eater part of any ND) 
ud che Antarctic C ber FG, is in ark: 


d that fo much the more Ty Prop. 20. f 
2k) as the Circle is fartfier diſtant from 
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et half always infigtrened. And the 
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re comes um- 
det our Obſet vation, afterwards to 
hid d for ſome time in his 
ile it deſcribes y. and un- 
on the "6ther fide of the 
conſiderably increaſed, (for 
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i n the Primary, 
1 4 Ellipſe i: 


is ſo ſlow, _ inſenſible, (being in the Moon 
an . —— than the 5 — 

ery we neglected ul 
2 rs e Ellipſes deſcribed by the Secondary + 
bout their Primary, may be look d upon as Auf 
moved, abſtracting from their Motion, round 


che Sha in commn wich char Primary. ..... 
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and che Time dt 5, or the Tangent 9 r, i 
run in call t. Take zu ArcP 6, — di ns 
time with the Arc pb ; and draw; g/ to 
PS. Theſe ſuppoſed, tis evident 
that the ratio of t e linesla BR to the lineols 57, 
is compoanded of the racio-of RR to 4, 

of the ratio of g f br: But (by Pr 24.0 B 

is to &p ens re PA to 
the Arc P and theſe Arcs, ſince they are in- 
definitel ſal, are as the Triangles BSP, 
&SP, of the fame Altitude; that i 295 (by Prop 

12.) 25 the Times in which they are d eſcri 155 
2a radius drawn aS; or, by Cee ee ee 


Ne whetein che Arcs FB, pb, are deſc 


De 
2 5 e Fe 

6 in . orce 
> And, : 


— een of * , 

cate ratio of the Times wherein PB 

are deſcribed; Aud of the ratio of e | 

tal 7 in f to the * Force * 
a 4 BR BR 42 ; 


That is, in 8 | 
an” xy $95 rb x. "uh p+ 
— = 4 entl 

| 2 — 5 * 


Bat by Bog: 13:)T-ia.60 5, 33che Area $ Tie 
& Area $625 * its double S FN id 
Sus ouble of the latter: — 


chereſare inſtext of the" rift e3ots >: 4 


$p4 nd PN PE 5 cnt 2 RN. p43 x i 
SPI BDP 0 x $P1x:8DC 
or t n BR'x Sa 2 4% Þr x SP Oc 
5 . . mo” rr 


"BP4 ee i 2 % * $ {Y 88", 


s 


93 menen Ne 
2s e 0 rue rie Serge 


e r 
| 88 9 
* 5 oY . 7 3 24 


e 
= 


"Bids 3 MM. er 5 
given, J 1 { : 


to which the 8 
1 orce is drag Law . 
tripetal Force, 5 


rectilineal made to k beep in. 
Perimeter 8 1 — it Jo 1 


revolytign, 
be be compounded ala 2 prope 1 bs 


nee 


Fx | 
orestrion KXXVIIL _—_ 
br tine Z. PR {Fig 


9 COINS 2227 5 


3 3 Rogh 2 85, 
Wn 72 rag Bp, eb ; of Can- 


197 £6 
"OD 2 5 ETD) 7 nn to 


PRE, PHY any 
Again, by 2: 2: Eh 


TY of þ&$3&PNOMNY- 79 


i Fs; and hee. $ Fe the 
e of nr BN, A will 
likey cf he = LE P „FF; 
and E H, half chi i = 
fore PK, (ma 4 i the c 
PF: But (by Prop 2K. -El. Conic.) the rs 
lines SP, PE a 5 . are equal to the 
8 dated hl Sow Wi 
e 


Was to be d 


2A Which 


e —2— 
GY, croſſing! 


e Ss 5 
TH E to 8 ; 2 


The nN EEB Boch 1. 


dr den ok 
nattirs o fo w et 
2 Parameter of the Elliple, dt ch 1 
belongs to the greater Aue T, be 47. Th 
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28 5 178 EOEITS ! 
PO, MO x PO wo BO q BX and 
BAA to B DT 7 che 1300 of +2; to 
Lx PO, of ( El.6.) of BR or PX 
91 is equa UE Wee bf PEW BC, (by 
8 ol becauſe XO i parallel to EC; 
præced.) PE is equal to. AC : There- 
ran pb LxBRto EA cqual 
the Ratio of 4 C to P C. TheR a ikewiſe of 
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is to PN as ICA to GC: The ratio therefore 
of BA to BD, is the fame with the ratio of 
Ic to G.C% Since therefore the ratio of 
L x BR to BDA is compounded of the ratios of 
LxBR to LxPO, LxPO to MOxPO, 
MOXPOto BO, BOA to B X, and B X 
to B D*; tis compounded alſo of ratios reſpe- 
ctively equal to theſe; namely, of the ratios 
of AC to Pc, L to MO, CY to IC9, and 104 
to GC1; and therefote will be equal to the ra- 
tio of ACX LXPCA tO PCxMOXGCI1: 
But (by Prop. 13. Book 1. Conic.) AC x L = 2GC9. 
Subſtituting therefore the one in the room of 
the other, the ratio of Lx BR to B Da, is equal 
to the ratio of 2GC4xPC4to PCxX MOX GCN; 
that is, to the ratio 25 C to MO: But (in the 
preſent caſe, ſince the point B is the neareſt 
poſſible to b,) the point O muſt be the leaſt 
diſtance poſſible from the point P; that is, M O 
is equal to 25 C; and therefore, in this caſe, 
LxBR is equal to B DA: Becauſe therefage, 


. 3 „. SPX BDA 
in an Ellipſe, B D4 = LxBR, * 75 = 


ess: The Cetiri- 

n p x 
petal Force :therefore is reciprocally proportio- 
nal to this Solid; and L in it is a conſtant inva- 
riable Right line. 

The Law therefore of the Centripetal Force 
tending to the Focus of an Ellipſe, (whereby a 
Body, turn'd off perpetually from its ReRiiineal 
courſe, is kept in the perimeter of that Figure, 
and deſcribes it in its 322 is, that - oL 2 
procall portional to Square of the di- 
ſtance + the Place P from the Center S. 
Which was to be found. 


G If 
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| COROLLART 1. 

If the Focus S, of the Ellipſe, to which the 
Force tends, together with the next Vertex 7, 
continue as before; [ Rg. 34. ] but the Focus F, ap- 
proach it, and at laſt coincide with it; the Body 
P, will now be kept revolving in the Perimeter of 
'a Circle, by the Centripetal Force tending to S, 
after the ſame manner, and by the ſame Law, as 
it was in the Perimeter of the Ellipſe. And as 
4 Circle may be deſcribed by a Body, ated up- 
on by any Centripetal Force tending to a point 
ſituated without the 7 line, according to 
the direction of which it would have moved 
1. its Vis inſits alone, (as was faid in Prop. 29.) 

0.2 Right line will be deſcribed by a Body that 
is urged by no Force tending to a point ſituated 
wi the ſaid Right line: For if the two 
Vertices continue the ſame, and the Foci ap- 
proach to them, the Ellipſe will be turned into 
a, Right line. But to deſcribe any other Lines, 
beſides a Right one and a Circular, a icular 
Law of the Centripetal Force is ne oe” 


y COROLLARY 2. 8, 
I the Focus S, LRg. 35.] of the Ellipſe, to 
bores direxte? roge- 


which, as a Center, the be 
ther with the next Vertex 7, remain as before, 
and the other Focus F, go farther off in infiritum, 
the Body P will be kept in the Perimeter of the 
Figure T'P, by the Centripefal Force tending 
to S, after the ſame manner as it was before, 
and by the ſame Law. But in this caſe, the E 
1 — ce Parabola: The Law 
therefore of a Force tending to the 
Focus of a Parabola, retaining a Body in the 
Perimeter of ſuch a Figure, is this, that it is 


reciprocally proporti to the Square of the 
Diſtance from the Focus. " 


7 ".66- 
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'? COROLLARY z. 
JI tlie reſt cotdinuing as before, the Focus 


F, 3155 1 off to à more than infinite 
is, if it appear on the other ſide 
of 7, 41 make the Vettices . and Tlie be- 
tween the Foci & and F; whereas before, the 
Foci S and F were between the Vertices A and 
,) in which N the Ellipſe is turn'd' into an 
. Hyperbola ;the acted upon by the fame 
Law of the 'Ceneripe Force as before; (that 
is, ſo as to increaſe, as the Square of che Di⸗ 
ſtance from the Center decreaſes,) will then 
move in the Perimeter of chr Hyperbola. 


COROLL ART 4 


Bur if the Focus E, [Hg. 37. ] of 95 for. 
mer Ellipfe, and the Vertex 4 continue fixr, 
and in the mean while the other Focus 5, to 
which the Force is directed, off further 
and further, to an infinite Di ce, (that is, 
if the Ellipſe be turned inco aParabola ache Cen. 
fees Diftenes, directed to the Point $ nes in- 

te ce, or to Rigtit — 
rallel to the Axe 47 by aN the wor 
in its Perimerer, will Bring le : For Di- 
ſtances from an infinitely diſtant Center, whoſe 
intervals are finite, are equal. And therefore 
che Force, which is reci asthe Square 7 
that Diſtance, is equable, And converſely, 2 
Body ated upon by an equable Force, tending 
to 4 Center date diſtant, ow ce con- 
ſequently is | aces accordin ight lines 
elro x one, will d cride 17 its Mo- 
a Para bay whe Axis is parallel to che 
given Right hae, And this is the famous The- 
orem of Gal: concerning the or tract 
of 4 n on 


72180 1 c o- 
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0 LLANT 5. 

All things continui 26 before, if rhe Pacus 

S (or Canter to which. the, Force is directed) 

80 off to more than an infinice Diſtance, as in 

Cerol.; g. it happen d to the Focus E, chen the El- 
lipſe will be turned into an Hyperbola, {Fig-38. 
the Body made to. move in the Perimeter 0 

— «the s changed, by a Force aging 8 ac- 


= conſequently is 2 Centrif 
in * Point S, becauſe the C 


is convex towards A. 


8 
e AMP, 


an Ellipſe is de ſcribed a Body urged 

by ce tending to either of the Foci ( De 
ithin it,) and' acting accor to the 

Law of the preceding Propoſition ; and an Hy- 


perbola, while the Centripetal Force A the ſame 
Law. tends to a, Focus within it, or while the 
faid Centripetal Force is changed into a Cen- 
rity es tending to a, Focus, 12 the 
e a Par 3 whichg as it S 
85 ref => 25 b CER SEW de ap 
tha nature of hot is de 
WP. K 4 Cont tal. Force . the 33 
nding to a Focus within the Curve, (as in 


ee and by the action of a Centri- 


Fo Fares 28 to one Fogus ora Centri- 
orce ten 


manner. of an El ad h 5 
of an Elli per re 
aively,) -according, as.that other Focus, is ſup- 
bos d to be G Cave: bebo wp or con- 
Oh e parts urye: For — it ma 
be conſidered as infinitely. diſtant. , " $4 :. 4 
COROLLARY er 
From this Propoſition and its Corollaries, it 
follows, that if any Body be projected from any 
ep Point 


ek. of AS ON OMV. 


85 
Point P, {titers e nnd of any Right 
line PR, with any Velogity; and be acted upom 


raed» pr Force; which 
proportional ta the Square of the 
— of che Place 2 the Center 8, ſitu- 
_ ated without the abovementiomd Right line; 
un will be moved in one of the Conic Sections, 
2 its aàs the Center to which the 
Force. is directed. For che: Bliipſe of the for- 
nion can be imo no other 
Line barg t lins and a Conic Section; (by 
the: motion ''o6!eiher: Focus in the Ae pro- 
duced if need be. . And the principal Para- 
meter 'oÞ chis Section or E, by the demonſtrati- 
on df 22 it was ſhe en that 
 EXBRe=8BDY,) is a dür En 
and BY confderod.a 8 aw 1 
(MU) 2081 5151. 418 gin ed. 


* 04:2 Prorosrron _ | or 


17 ET Bodies revolve 3 ut 4 common Center, 
and tht Centripetal Force be reciprocally at the 
Square of the" Diſt ance from the Center; I ſay the 
Squares of the Periodic Times in Ellyfes are as the 
Cw fo the Tranſverſe Axes. 
Let there be any two Orbits APT, 1. about 
a common Focus &, (Ag. 39. in which 
Conſtruction is 77 70 to continue. Their 
Parameters I. and 1, ( by Corol. 6. of the 
cedirig "Propoſition ) are reſpectively eg to 
9 14 
175 1 — 3 the Points B and P, * likewiſe 


Landa, . R B is torb( 

ed, in che e time) as the Centripetã 
Force i in P. to the Centrip Þ ore in par. 
is, by ſuppoſition, as $ 1 2: 


3 D. 
fore L : 1 :: 73 LEA [OF > even 


G3 Pn 
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b 44x$p1. And HDS is ito bd x SN as 
their halves; char is; a the Areas deſcribed at 
che ſame time by the Bodies P andy: And there- 
fore L and I are as the yn ern e 
that are deſcribed in the ſame time, by Radii 
drawn to the common Center S; that is, theſe 
Areas, deſcribed at the ſame time, are in the 
ſubduplicare ratio of the Parameters. And 
ſince the intire Areas. of the Ellipſes are as any 
leſſer parts of them, deſcribed at —— 
drawn into the reſpective Pariodig Times ; the 
intire Areas wilt be to one huther, in a ratio 
eo ed of the ſuhlluplicite of clic Para- 
meters, and ſimple ratio of the Periodic Times, 


Since {by Prop: — Book 4. of Greg St. Vine 
cent ) * to agty, — Gr 
is to 421 * g rectangles un- 


t £75: ads ple, are in accom 
pounded of ae Rar icate ratio of the Para- 
meters, and of Ar the 
Times; that is, as L* & Perjodic Time in 45 


to i x Peri ic Time in «pr. And ſince from 
the nature of an Ellipſe, GY is a Geometric 
mean between Land AT, and g y betwixt I and 
at; or GT LIAN, 1 
Therefore Lt x 4 Tt: 714 6: (GYNAT7 
$2 JN at: 91 x Periodic Time in AP 7: 1 
eriodic Time in pt. Pividing therefore the 
2 by 112 2 the Conſequents by 755 
fing the Quotients you will have the 
G J. d the Cube of « tas the Square 
of the Periodje Time in the Eltipſe APT, to 
the Square of the Periodic Time jo the kürte 


«pj. Which was to be demonſtrated. 
COROLLARY 1. N 


Becauſe a Circle is a Species of an Ellipſe; 
where both the Foci coincide with the Com 


pad the greater Axe is equal to — R 


— 


i 
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'ris manifeſt that the Squares of the Periodic 
Times of Bodies revolving in an Ellipſe and 
Circle wt I wy are as the Cubes 
of the Tranſverſe : And therefore, if the 
Axes and their Cubes are equal, the Squai#s of 
the Periodic Times, and conſequently the Pe- 
riodic: Times themſelves, will be equal: that is, 
when the Center of the Forces is the ſame, the 
Periodic Times in Ellipſes, will be the fame 
with, thoſe in Circles, whoſe Diameters are & 
qual to the greater Axes of the Ellipſes./ 
COROLLARY 2. 

Tis evident from the Demonſtration of the 
Propoſſtion, that che Parameters, of any Or 
described by Bodies revolving about a common 
N ind acted upo N Cab petal Force, 

ich is reciprocally as the, Squares of the Di- 
fl ces from the Center, are as the Squares of 
Areas deſc Wed in the lame time, by Radii 
Fd to the \Cemcer For this was demonſtra- 
red univerſally of any Orbits, whether Elliptic, 
Parabolic, 'or Hy lic, before the reaſoning 
was confin d to Rees in which only, the * 
nale Time has any place. 


PzorosrTION XII. 


HE Law of | the Centripetal Force as 
before; 1 ſay the Velocitiet of : ki 
revolving about the ſame Center, in any points what- 
ever, are in a ratio compounded of the ſubduplicate 
ratio of the Parameters belong in 'to the 
Lines they deſcribe, and of the reciprocal ratio of the 
perpendiculars let fall from the common Centev' wpon 
Right lines that are e at the — where the 

Let the Bodies p and [5 40.] revolve. a- 
bout the common Ce 51 in any kind of 
Lines ** pb. . he Pole, by ſuppoſi- 
tion, 
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tion, are acted upon by 2 Centripetal Force, 
reciprocally proportional to the Square of the 
Diftance of the Place om the Center; theſe 
Lines will (by Corcl: 6: Prop. 39.) de Conic Se- 
dior; having S for a Focus. Let their prinei- 
pat cons A be'call'd L and 4 From 8, let 
MSN, , perpendicular upon the Right lin- 
PR, pr, T in P and I fay the Velo- 
city of che Body P, is. to the: Velocity of the 
Body p, in 2 ratio cmpœunded of the ratio of 
L to }*, and of che ratio of $:56'$N or 


Li x Sn to 1t 
* Fake che 8; „ e fame 


infinitely. final! me; 1251 thro B dra 
rallet to RP, an BD pe fpendicular, 9 S; 


the ſame be done at b. 2 e Velocities in p 
4 th naſeent Aro PB, pb ; becauſe hey 
the Spaces run in ch mb titne that is, 


as the Lines p Rand pr equal to them. "The 


75 angled Triang js s FD X, SNP, having 
7 B'X equal, decat B, 

NP are parallel; "Aa SN: SP: 3D: BT; 
and therefore B X, or what is 5 0 to it PR 


SPT BD " Spxbd 


— And pr = 1 


milar ratios. But SPX BD, Spxbd ate as 
their halves, that js, SPB, Spb; or the Areas 
deſcribed at the ſame time by the Bodies P and p, 
which again (by Cor. 2. Prop. preced.) are as the 
ey cots of the Parameters L and I; or ay 


And therefore PR is to pr, or the 
Fay of l in P, is to the Velocity of 


4 z 
the Body in 5, as 2 or as EIA S. 
to 1* x $N: That is, in ratio compounded' of 


the ſubduplicate ratio. of the Paramerers to m 


* PB, * and of the reciprocal as 4 


Hock I. ef AS TRONON Y. 86 
the Perpendiculars, let fall from the Center of 
the Forces 5, —— 0 Aer r | 
co be demonſtrated. a 5 
7 2 
AG 3 COROLLARY 1 * 128 
Hence ie follows, that the Veloeities of the 
Bbdkes, in their greateſt and leaſt Diſtances from 
their common. Focus, about which they revolve, 
are in a ratio compounded of the icate 
ratio of the'Paramecers, and of the reciprocal 
ratio-of the Diſtances from the eommom Focus. 
For, in their, greateſt and Teaft Diſtances from 
the Fotes, the Perpendicutir to the Tangent 
che Diſtance it ſelf. If theſe Diftances from 
che Center" are equal, the Velveitics, in that 
moment of time, are in the ſubdup pf he's 
ne di- 


ot the Parameters; that other ratio 
 Rarices bezoming 2 ratio of «qu ality. 
one of the Figur 
the Conic Section, in the 
ſtance from the 


12 be to the Velociey 
in the Circle, 3s the Square Root of the Para- 


meter of the © nic Section is to the Squar 2 * 
— 
„ 


the pf: ae 47. ee 4 
m the ihe or different Eines kaving e- 


qual Parameters, the Velocity of the Body is 
reciprocally as the Perpendicular let fall from 
Focus, or Center of the Forces, on the Tan- 
gent. For the ſubduplicate ratio of the — 85 
meters in this caſe, is a ratio of eq — 54 
= 3 the 1 222 9. 
in WER in the grea | 
dicks lax of Focus, are reciprocally as the a 
2 in this caſe, the diſtances are 
perpendicuſars to the — of the Or. 


C Oy 


- 


a 
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COROLLARY 3... 

The apparent Motions of a Body in the prin- 
cipal Vertices A and P, [ Fig. 41.] viewed from 
the Center of the Forces S, are reciprocally 
as the Squares of the Diſtances S 4, S P. Take 
at the Vertices A and P, the indefinitely ſmall 
Arcs A 4, Pp, deſcribed in equal indefinitely 
ſmall Times, by a Body revolving about S; and 
join 8, S. The apparent Motions. of the 
Body from 8, 2 Angles 484, PS. 
The ratio of theſe Angles 48 4, PS p, is com- 


*. = 


pound. of the Ratio of a to P p (lince theſe 
Lrcs do not differ from Circular Arcs deſcribed 
upon the Center S,) and of the ratio of, SP to 
SAz or the reciprocal of the Radii. But be- 
cauſe As, Pp. are deſcribed in equal Times, 
thay will be as the Velocities in the points 4 
and P, which (by Corol. preced.) are 2s S P to 
SA. And therefore ASs is to PS, as SPA 
to SAL Ye TAL = 
„ 
Hence it follows, that, if the Orbit be very 
nearly a Circle, the apparent Motions of the 
Body viewed from the rs, are very nearly. 
reciprocally as the Squares of the. Diſtances 
from it. For, in this caſe, all the Right lines 
that fall upon the Orbit from S, are nearly per- 
pendicular to t. e 
„ 
From Corol. 2. it follows, that if a Body, 
moved in any Conic Section 45 [Fig. 42. 
as before, ſhould leave the Curve, and go on 
uniformly. in a Right line P. A, touching the 
Curve in P, with the Velocity it had in the 
int P; the Area SPA, which it would de- 
cribe by a radius drawn to S, would be equal 
to the Area S A D, which (in the ſame or equal 
time, ) it would deſcribe, being kept ftill moving, | 
p ul 
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in the Conic Section. Take the lineola 4 4, 
PR, deſcribed in the ſame indefinicely ſmall 
time, by two Bodies; and from the Focus S of 
the Section, te che Tangente AHand P ©, let 
fall che Perpendiculars SH, S N. By Coral. 2. 
che Velocity in & is to the Velocity in P, as SN 
to SH. But as the Velocities in A and P are, 
ſo are the Spaces run in the ſame time, by the 
Bodies; namely, A and P R. And therefore 
Aa is to PR, as SN to S H. Therefore the 
T e SAs is equal to the Triangle SP R. 
And ſince this holds in the indefinitely ſmall 
Tri that conſtitute che Trilineal Figures 
SAD, and SPY, and the Spaces SAD, SP. 2 
are made up of an equal number of Triangles > 
the Times of running 4 D and P. being ta- 
ken equal; cho Triangle g f. Qi equal co the 
Area SD. | | 

ProposITION XLII. | 
HE Planets and Comets moved about 
2 3 that the Mo- 


— rape to the Orbit, e ntl rnd wer 


12 
3 bp cg Sper Fey hen ay 

is reciproca proportional to the Square of the A. 
ft ance'from that Center. 

Each of che Primary Planets (by 13.) is 
acted upon by a Force tending toward the Cen- 
ter of the Sun; and (by Prop. 34.) deſcribes the 
Perimeter pf an Ellipſe, having the Sun in its 
Focus; and all this is true alſo of any Comet, 


(by x4 and 35 ;) or at leaſt ic de- 
Cy — Conic Section _—_ 

it is acted upon by a orce 
t the Sun. And therefore (by 
— 39. and its Corellaries) every Comet is ated 


2 by an — Force impreſs d — 
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Tangent toithe _ and another whereby it is 
drawn off from the Tangent and kept in a 
Curvilineal Otbit, which tends towards the Sun's 
Center, [earn —— 
is reciprocally proportional to Square 
diſtance from it. Which was to be demon- 
ed. 
The Planets and Compu.cheefars nia to be 
conceiv'd as{6.many Projectiles, which are ated 
by two Forces. For in this manner, and 
this only, do they deſcribe Orbits, ſuch as Ob- 
ſervation finds chem to be. And the Law of the 
Force that draws off theſe P from their 
Reailineal Motion, is, that it | increaſes as 
the Square — the Comet or Pla- 
jected, from that Center of the Sun, a- 
„ Which is the Law whereby . 4a yy 
tend to the Sun, as we have d 
therwiſe than from the RN of its Path, 
in Prop. 28. — 


1 


DT n xI In. ; 


HE Nodes and Apfdes of the On, and ri 
ners are at reſt. 

For, by Prop. 40. every planet ches in ab 
immoveable-: e, and the. common Interſe- 
ction of any two Planes continues immoveable : 
But the Interſection of the Plane of any Planet, 
with the Plane of the Earth's Orbit, is the Line 
of the Nodes of that Planet. The Nodes there- 
fore of that, and in like manner of all the Pla- 
nets, ate at reſt. Beſides, every Planet deſcribes, 
in a Plane that is at reft, always the ſame EL 


hich thereto Pr 
1 in Apfdes 8 3 2 2h 
Was to be demonſt{ated. 
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1 COROLLARY. Sp 
Since the office of every Fixt Star is lik 
that of the Sun, (as far as Men are capable of 
judging; ) namely, to have ſeveral leſſer Bodies 
ike ſo many Planets revolving round its yaſt 
Body; its other affections likewiſe will be ſi- 
milar ; as, that its Motion, like the Sun's, will 
be none or inſenſible; which is farther evident 
from the conſtant and always the ſame mutual 
Diſtance of the Fixt Stars. Conſequently the 
Situation of the Nodes and of the Apſides of the 
Planerary Orbits, in reſpect to the Fixed Stars, 
continues the ſame. : 

| | SCHOLIUM. | 

This Propoſition is true, if the Centripetal 
Force of the Planets towards the Sun be only 
conſidered, as has hicherto been done : Bur if 
the mutual Actions, of the Planets and Comets 
upon one another, be taken into the conſidera- 
tion, things will be a little otherwiſe ; as ſhall 
be ſhewn in its proper place. But the Effects 
of theſe Actions, by reaſon :, of the ſmall- 
neſs. of the Forces that produce them, are 
very ſmall, and as it were none at all; and there- 

Tre. to be, neglected in this place. Nay, the 
Mations of the Nodes and Apfides of the Pri- 
mary Planets are fo ſmall, that no notice at all 
have been taken of them by very conſiderable 
Aſtronomers, in their Calculations, and the 
Nodes and Apſides look d upon to be at reſt. 


_ PRrorostTION XIIV. 1 

HE Planets and Comets move in the Her- 

ven with the greateſt Freedom; and cm- 
2 their Motion may be preſerved for a very long 
pace of time. £34 3 288 
For, in 1. 39. (where we determined the 
Law of the Centripetal Force, whereby a Body 
A a is 


- 
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is urged, that revolves in the Perimeter of an 
Ellipſe, or any other Conic Section, having the 
Center to which the Force tends for a Focus,) 
we ſuppoſed both the Motions, of which the 
Motion in an Elliptic, Parabolic, or Hyperbo- 
lic Curve is compounded, to be perfectly free, 
and having nothing to hinder or refiſt it. Since 
therefore the Planets deſcribe in their Motion, 
rfect Ellipſes, whoſe common Focus is the 
un, and continue their revolutions in the ſame 
Ellipſes ; tis manifeſt from the converſe, that 
the Motions of the Planets are intirely free from 
all reſiſtance ; that is, that the Planets move in 
the Heavens very freely. And if the Planets 
move in the Heavens, without any reſi- 
| ſtance, the Comets will do ſo too; becauſe they 
are moved along the regions of the Planets, du- 
ring their being viſible to the Inhabitants of the 
Earth, in Orbits that are either true Ellipſes or 
ſpecies of Ellipſes ; namely, Parabola's or Hy- 
perbola's, having the Sun in the Focus; to 
deſcription of which the ſame freedom from all 
reſiſtance is neceſſary. And that che reſiſtance 
of the medium in the regions of the Solar Sy- 
ſteme, beyond the Planets, is not greater than 
in the Pl regions, is very probable. For 
if there were the leaſt ſenſible refiftance in the 
Heavens, the ſame Orbits could not be deſcribed 
by the Planets carried about the Sun, like fo 
many Projectiles, as have been demonſtrated to 
agree to them, moving freely: But, juſt as in 
our Air, the way of 4 Proje&ile is found to be 
very different from a Parabola, which it would 
deſcribe, if there were no reſiſtance; ſo the 
ways of the Planets at leaſt after ſeveral revo- 
lutions, would be found to be very different 
from Ellipſes ; and the Ellipſes the ſame, for 
Magnitude and Poſition, with ſuch as are * 
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deſcribed by Planets, moved in free Spaces, 
would not ſo exactly agree with the Places ob- 
ſerved in former times, as well as in the preſent 
Age, as we find by a due Calculation they do. 
Conſequently there is no reſiſtance at all: But 
the Planets and Comets move in the Heavens 
very freely, and therefore their Motion may be 


continued, ſo as to endure for a very long time. 
Which was to be demonſtrated. ä 


PRO POSITION XLV. 
H E Secondary Planets move about the Primary 


according to this Law, that beſides the accele- 
rating Force of the Primary, the Motion of each is 
compounded of an equable one, along the Tangent to 


the Orbit, and of another tending to the Center of 
the Primary, in which the accelerative Force is reci- 
ciprocally proportional to the Square of the diſtance 
from the Center. | | 
Laying aſide all the accelerating Force where- 
by the Primary is urged, (as was done inProp.20.) 
each Secondary Planet (by Prop. 37.) revolves a- 
bout its Primary in the Perimeter of an Ellipſe, 
having a Focus in the Center of the Primary, 
to which (by Prop. 20.) the Centripetal Force 
tends, by which it is drawn off from its rectili- 
neal Motion: (For the deformity of the Ellipſe 
ariſing from the Motion of the Apſides, or from 
any thing elſe, is ſo ſmall that ĩt may well be 
neglected in this place:) And therefore (by 
Prop. 32.) the Law of the Centripetal Force 
tending to the Center of the Primary, is, that 
it is reciprocally proportional to the Square of 
the diſtance from the Center: For by this Force 
only is a Body drawn off from a Rectilineal 
Motion in a Tangent, ariſing from its Vis inſita, 
and kept in an Elliptic Orbit. But theſe two 
Motions (che one equable in the * 
| : Sr 
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other tending towards the Center of the Prima- 
ry, and increaſing as the Square of the diſtance 
of the Satellite from it leſſens, ) being com- 
pounded, make the Secondary Planet to deſcribe 
an Elliptic Orbit like a Projectile. 


SECTION VII. 


The Planets and Comets are kept in their 
Orbits by Gravity, which is propagated 
thro the whole Solar Syſteme according 
to the ſame Law. . 


ProPosITION XLVI. 


HE Force whereby the Moon tends to the Center 
the Earth, is the ſame with the Force of 
Gravity, whereby all Bodies about the Earth tend to 
the ſame Center. | 
Let RAE ¶ Fig. 84 repreſent the Earth, 7 
its Center, /. the Orbit of the Moon, LC, 2 
of it run dy the Moon in the ſpace of a 
inute. Becauſe (by Prop. 15.) the. Moon fi- 
niſhes its Courſe or whole Circle in 27 days, 
7 hours, 43 minutes; that is, 39343 minutes 
of Time; therefore LC is 3711 of the whole 
periphery, or 33 Seconds of a degree. Now 
the Circumference of the Earth (according to 
chelate menſuration of Mr. Picart) is 123249600 
Paris Feet; conſequently its Semidiameter 7A is 
19615800 Feet: wherefore TL the Semidiameter 
of the Moon's Orbit is 1176948000 Feet; or 
fixry times 4, (by Prop. 15.) And the verſed 
Sine L D of the Arc LC, of 33”, and BE, 
which is equal to it, is 15 £, Feet, nearly. The 
Force therefore, whereby the Moon tends to- 
ward the Center of the Earth (as by one + it is 
as + — 
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drawn off frotii its Rectilineal Motion along the 
Tangent LB, and retained in its Orbit,) is 
that it impels the Moon towards the Center © 
the Earth, about ors Paris Feet in a Minute. 
By the prefeviflf Prop. this Föree in the Moon 
is increas d, as the Square of the diſtance 
from the Center of the Earth is leſſen d; if 
therefore it deſcend to the Surface of the Earth, 
where the Square of the diſtance from the Cen- 
ter is diminiſhed &o x 60 times, it will be ĩncrea- 
ſed 60 x 60 titties, and therefore twould i 

the Moon pig eg on the Sarfdce of the Earth, 
60 x 60 x 15 et, towards the Center in a 
minutes time. But Gravity is that Force, which 
impels any Body placed on the Surface of the 
Earth, che eng of 15+ ParisFeet towards the 
Center, in the ſpace of a fecond of time, 2s 
Mr. Hagen has determined by very 2ccorate 
in Prop. 25. Part 4. of his, 
herefore the ſame Force of Gra- 


Experimen 
rolog. Ofcit. 


vity, in che ſpace of a minute, impells a 
1 F te e 
s 


6⁰ RALLY Feet 8 Kos 
cauſe the Spaces run by 4 heavy Body, 
fall, are as..the Exe of the Times. Sigoe 
therefore. the Force, whereby 957 Moon is kept 
in irs0wn Orbir, and the Fotce of Gravity, per- 
form the like and equal chings, and would pr 
duce the very lame Effects, in the ſame Cireus 
ſtances, and tend toward the ſame pojne, (name 
ly, the Center of the Earth) they are the ſame 
Forces; that is, the Force wheteby the Moon js 
drawn oi dom its Rectilineal Motion, and kept 
in its Orbit, is the ſame Force with that we call 
Gravhey. + ich was to be demonſtrated. .., 
F ce of "the Moon, a little greater thats 
ſixty times the Semndiameter of tlie 


would fit the ing Calculation betckr, 25 
60 oe "Which number fe is more agreeable 
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0 


Aſtronomical accounts: Though we haxe 


opghe © pes © to give the me ſure in round 


dbb 
* Foo fu. 


the ſame manner as the Mpon revolves 
the Earth, any other heavy Body proje- 
with a Force ſtrong enough, from a given 
ite without the Surface of t Earth, accor- 
ding to che direction of an Horizontal Right 
line, would deſctibe an Orbit, and compleat a 
revolution, like a Planet, without touching the 


arch; Ad that continuall 
5 BC D [ Fig. 44- ee t 


Take an 
1 Earth as G which, let any beavy Body | 
| projected ures to the Cizedion of the 


A BEER, pe 1 * 
"evident, Thar if 8 
or no Force, (that is Ye 5 be let. Ma 
fall down to the oint 4, directly under 
E; boat if with ſome Force, it will reach 
Faith at the Point B, diſtant from 4 towards 
H; if with a greater, the Body jected wil 
meet the Earth at C „ beyond B. "i prpjecti 
"Force be increaſed, "fo 25 that the y does nat 
reach the Farth, Bll has got bey e . 
E, appoſite co the Point A, ene 15705 
4 Ke 7 Fg vil conghk nr El 
Wo F; and, 77 ere Wy Ald 
deſcribe it, and fo become a Ra 
Projectile in the Po M of. its Way. 
. Een be le diſtant 1 
then the LE of che Earth, 
"Thom of che Ellipſe, more 1. 0 
+ FOITE inc 


5 


the Cir 
at the Cir 
oint withou 8 of the 


= 
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in the hate, „J it will become an Ellipfe in 
which the Focus that is neareſt G, Au che 
ther Fos win be removed from 7, pf 
ona te ce mijgment of the ile Fotes, 
at len Fwy ya; into a Parabok, and chen iti 
to an The fame things will pappe 
tho H@ be et penpendteutzr to T, 6 
that in this calc em not be the 
Vertex of we Orbit. The high 
is above the Earth, 60 1 N 
turn the Projsctile into a Planet; ho * 
it is, the gredter: So chat if tlie Moon ſho 
be ;rojedted with the fame Celerity'as it 3s 
now in its Orbit, from a t A rs 
Earth of but a mile, "like a con Proj 


run the diſtance. of 18 1 ies. 
which the Meontvibsin Jo” /is leſs than 15 m 
n neut the Eart 


ling, runs 10 y 4 or 65 3 Feet; 
more 


than 9 | therefore the Moon v 
ftriks ths 
2 . mt "of! =D 


79 —— 
Plants) world deter Flügel es, 2 
Conic Sections, whoſe common Focus 
be chat point which how” is rn 


Ws (ike the 


ebener, XLVIL ; 

H Secondary Planet: er gra vitat 

| wards" veer, the SEES toward 

2 e, the Sun; and all of t 

4 draum off from _ Revbilines Motions, 

in their aloof their Gravity. + 

By reaſon that pl icity of Nature which 
H 2 1 | 


. 3 
4 {4 ata N 


you 
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is ohſervable in all her Works, more Cauſes 
ought not to be admitted, than are ſufficient to 
explain the Phznomena of Natural things; and 
— garucal Effects of the ſame kind are to be 
ooked upon as having the ſame Cauſes : Since 
therefore the revolution of the Medicean Stars 
abour Jupiter, and Saturn's Attendants about Sa- 
hy n, .and of the.Primary Planets about the Sun, 
are Phzn of the ſame kind with the re- 
rolution of the Moon about the Earth; their 
NE Ee eee 
by the Secondaries of Jupiter a 
Primary Planets, are draws off from their 
ReQilineal Motions, and kept in their Orbits, 
reſpect the Centers. of Jupiter, Saturn, and 
the Sun, reſpectively, after. the ſame manner, as 
the Force, whereby. the Moon is kept in its Or- 
th, teſpeſs tho Cencer of ths flag ; ond the 
Forces w y are urged, increaſe an 
decreaſe by the fame Law, according to their 
different Di from che Centers of Jupiter, 
relpeQively, as the Force 


7 


Gravity; that Force, 

- Tl od Pri- 

and Seco , tend reſpectively cowards 

the Sun, and their ry Planets, muſt be the 

Lame with the Force of Gravity. Beſides, all the 

condaries gravitate alſo towards the Sun, and 

their Gravity zowards the Sun, is the accelerati ve 

7 N that is common to each Secandary and 
its 


ay ; Nr fee Prop. 20. 
Which was to be demonſtraced. 


and 45. 


Co- 
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wo} 


- Hence:itis evident, that there is ſuch a thing 


as Gravity towards the Sun and all the Primary 
Planets. For ſince the Moon and all Terreftrial 
Bodies gravitate towards the Earth, and the Sa- 
tellites of Jupiter and Saturn, towards Jupiter 
and Saturn, reſpeRively ; and ſince the three 
other Prima 3 „Venus and 
Mars, are Bodies of the fame kind with Saturn, 
Jupiter and the Earth, (which alſo is evident 
from their Gravity towards the Sun, before de- 
monftrated,) tis certain, from the ſimilitude of 
Cauſes of the like natural Effects before laid 
down and eſtabliſhed, that there is a Gravity al- 
ſo wouy chem, whoſe ho eps yn 9 — 
reciprocally proportional to the Square of t 
diſtance os the Center. And becauſe to any 
kind of Action, there is a Re- action, equal and 
contrary, the Sun likewife muſt gravitate to- 
wards all the Planets, both Primary and Secon- 
dary. -Beſides, becauſc it is certain, from Ex- 
periments accurately made, that all kinds of 
Bodies, at the ſame Diſtance, and in equal 
Times, run equal Spaces in their Falls towards 
the Earth, that the quantity of Motion of 
unequal Bodies, equally accelerated, is as the 
quantity of Matter. An Bodies, of what Na- 
ture ſoever, in equal Diſtances, gravitate to- 
wards the Earth proportionally to their quan- 
tities of Matter. And ſince no doubt but the 
nature of Gravity towards the Sun and Planets 
is the ſame as towards the Earth, (which is ſuf⸗ 
ficiently manifeſt from what has been already 
ſaid, as alſo from hence, that the Primary Pla- 
nets and their Satellites, that is, Bodies very un- 


equal, deſcend toward the Sun with an _ 
in 


accelerative' Force, juſt as Bodies unequa 
3 all with equal Celeri- 


3 ries 


— 


a» 
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ties towards the Earth 3) tis evident that all Bo- 
dies: gravicate towards the Sun, andexachobithe 
Planets ; ud their Gravities towards any one, 


eie orb 


reresrkien n. 4 Ts IG F 
; $4.) N, 
AE Force or Effumy ef any — r 


from u Canter, n ru s 4 5% > Right” 


gated, round i 
deſcribe wo — Ferns redo at 
1 I fay the Force or 

oy of the Virtus in T5 2 e Force as 
3 as S'M%; to & 28. 


enter, is equally diffus 
erica Surface Bis the dis 


Effeatybb the Game. in the diflence 


| 4 
he. 


ek k of AS ONO N. 103 


„that is, l 84 
| DG 


2. d other Vi "hoſe of th 

* 1 1 : OL ae 
— another kin. 
ae nn 


- 


themſeves row ard-which theyitend. : 175. JV&35 
; Loxchees boany two Badlaydapden LRany 
in any places: A; they Gorol. Prop. 47-) 
wall Sraxitete tc Ward one —— "And. fake 


* 5 
equ contxary to t A 


wands Ag. 
Maſs of 
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LTL 


with that of the Body 4, have an ac- 
celerative Gravity towards B, equal to that of 
A ; and all Bodies placed in a diſtance from the 
A, equal to that of B, have an Accelera- 
tive Gravity towards A, to that of B; and 
the diſtance of the Body A from the Body B, is 
equal to the diſtance of the Body B from the 
Body 4, and the Diſtances and are taken 
at ure. Therefore the Aecelerative Gra- 
vities towards different Bodies; in equal di- 
ſtances, are as the Bodies nne Which 
Wang, (tis 
COROLLARY. | 
From hence it follows, that if Gravi be 
conſider d as the Attractive Force of che 
the preceting Propoiion + Ge, Forces 
Propoſition ; te 
of the attracting Bodies are as the Bodies to which 
they belong. For the Abſolute attradtive Force 
of the Body 4, is to the Abſolute attractive 
Farce of the Body B, as the Accelerative at- 
taRion-of all Bodies towards A; is to the Ar- 
— attraction of all Bodies towards B, 
in equal diſtances. But, in equal diftances, 
the -Accelerative attraction of all Bodies - is 
the ſume with the Accelerative attraction of 


any Body, and theſe Accelerative 

| "this Propoſition, are e 
which they tend; that is, as the Attracting 
Bodies chemſelves: And therefore, ex eue, the 


Abſolute: Forces of — — | 


the Bodies to Which they be- 
And hence 2 gain, and from what goes 
. Pp 2-86) we my 


— of ray 8 A, 
— © C's, is to the Accelerative 


Fore of ine Body c, * K | 


3 


4 = 8 . ( - 
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im a ratio compounded of the ratio of the 
td the Body D, and of the duplicate ratio 
the diſtance between C and D to the diftance 
between A and B: And that the ratio of the 
weight of the Body A to the weight of the 
Body c, is com of - abovemention'd 
1 to the Body e e GN 


— — 


— Fw 


5 Faction VIII 16 ' 

Of the Motion of Bodies attracting one 
A Sytem of ihe Son and 
all applied to the e Sun 
ee ob | 


Pues 7105 L. 
He Bodies atteaBling one the other, and ing 


about one another, ;" deſcribe fanilar Figures, bot 
1 and about the common Center of 


22 — following ones wo have 
3 mg Bodies attracted to an 
— Center; for it is moſt proper to 


begin with the tnoſt ſimple Caſes. Bus becauſe 


. reſt ; but 
che it ſe at 
both being acted upon by a mutual Attraction, 
do revolve about the common Center of Gra- 
vity. And if there were more Bodies that mu- 
tually attracted one another, they would ſo 
move among themſelves, - that the common 
Center of Gravicy might be either at reſt, or 
in an uniform direct Motion. For it is well 
known to Geometricians, chat the common 
3 not change its ſtate of 
Motion 


t 


MN The- ö n 


PTY 110 2 8 
8 the 


8 * 
fers from the Sy1 ſuppoſed above; and that 
in the firſt pla Pr, whatever the Law 
of mutual A ion be. 


et 8 4 2 be the ov — 
Bodies, whi 


wir og eerie the — Sh 


r Center 25 Gravity C, is either 
K den,) 
moves uniformly in a Right: line : I ſay that the 
four Figures, namely, SC, Pyc, che hich 
deſcribes about p, conſider'd as immovable, and 
that, which P.deſcribes about. 5, confider'd after 
the ſame manner, are ſimilar. 
Ncauſe 5 and p contimuing the ſame, the. ratio 
SECS: during che Motion, will likewiſe 
tinue the ſame ; becauſe, from the nature 
| goo ater Gravity, it is tha fame. wich 
the-raſpet to the Bodies S and P: And ſince the 
SC, are every where equal, (he- 
0 is in the Right line connecting the No- 
the Figures SC, PpC will be ſimilar. 
Figures Pp C, SIG. are. ſimilar, which | 
be-Right line p Cf, deſcribes wich-an Angu 
Motion about the Pain C, conſider d as at | 
provided every moment, the ratio of Cp to Ci 
been — 2 CP to CS for 2henct 
Again, becauſe the. ratio between $C and Cy 
is always given, by compoundinge che ratio of 
I to-Cp is likewiſe given, and- Pthe-Line.p.G / 
continues a Right ons; . N —_ 


fer Pf Don 
at reif, or 


— 
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ies SEED dBas Cp ahout the Paley 
Za gl Bs ſp abant che Fol {cpa 

ſidered as t re de ſimilar Figures. Be- 
— whereof one erirbed by 


about ſ, confidered/as at reſt, thadther deſeri 
| py -cohfideted like wife as at reft, are 


equal, demonſtrated an Optics,) 
brekuſe (7 the Cad in Magnitude and Poſi- 
den with p ſc 1» Whedefore the funf Tgnres pro- 
eren Nr A n 


1 10 tt 
44 


:Pnopess TION: Dill + 


Tito Bodats Send P:arcraltubderonmber bye 
; | Forces, — * — — about 
— Cantin Gravity Cy 'Lfay, that a FR 
may be deſcribed, by the ſame Fottes about either of 
the Bodies ' conftdtr d as at reſt, ſimilar und equal to 
the Figures, which the Bodies n 4 cribe about 


o 


| Suppoſe che Orbits PR, 8 [ 48. 3 to be 
deſcribed firft about the 2 Fig. reſt, and 
the Points/ and pany places at pleafure, to which 
2 Bodies S and P arrive at the fame time. Lot 

t line C be ſuꝑpos d to move parallel 
ay 70 till che point / coincide with S, and 
ler this be dane 10 al the correſpo 


„ -* 


nding points 


of the Curves S. A, PR: "Tis evident, chat 
when 


comes to F, che other extreme of the 
Right ine ., thus moved parallel to it ſelf, will 
arrive at the point , in the Curve Pa, + 
the Body P would deſcribe about the poine 5, if 
($ being at reſt) P ſhould reyolve- about it; be- 
attracted by the ſame I orce as che Bodies did 


* mutgally attract each other: For the pas 


NY the Right line { p, makes no 
alteration in the Forces, with, which the Bodies 
attract each other. But the ſame P/ is the Eine 


which * about S, conſidered as at reſt: 


For 
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For thus it really continues at reſt; and the 
length and inclination of che Right line 87 © 
fort cel F — 1 equal 
re theſe Figures are congruous, are 
and ſimilar. And what has been demonſtrated 
concerning the Fi which P deſcribes about 
S, is true of the Figure, that S deſcribes about 
P, looked as ar reſt; namely, that it is 
equal and fimilar. But if the Center of Gravity 


C go forward uniform ſuperind 
N 2 


on th — -y alf things will be reduced 
co otion, gs 
to the former Caſe : But there is no chang 
made by this uniform' Motion along paral 
Right lines, in the Forces of the Bodies & and P. 
Therefore the is certain in both 
Cn. Which was to be demonſtrated. 
COROLLARTY. 

Two Bodies mu 8 
by any Forces, and revolving about the Center 
of Gravity, deſcribe, by Radii drawn to that 
Center and to one anot » Areas that are proy 
| . a 
| 'COROLLARTY2. 

Becauſe 2 Bod revolving about another im- 
— one, attracted to it by 4 = 

proportional to the Square-of t 
— would deſcribe (by . 39.) e 
or ſome other Conic Section, one 
Foci coincides with the Center of che Body that 
is ar reſt; it follows, from this Propoſition, that | 
ewo Bodies attracting one another, by Forces 


reciprocally proportional to the Square of che 
Diftance, 


deſcribe, ' both about the common 

Center of Gravity, and about one another, 
Conic Sections, having their Foei in che Center, 

about which they are deſcribed. And. conſe- 

quently, if ſuch Figures are deſcribed, en 
tripet 
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tripetal Forces are reciprocally proportional to 
the Squares of the Diſtance. | | 


Poros 11100 LIL | 

F two Bodies attracting one another by any Forces 

whatever, mutually revolve about one another, 
ir Motion will be the ſame, as if they did not at- 
tract one another, but both were attratted with the 
Jeme Forces by @ third Body placed in the common 
Center of Gravity. Aud the Law of the attrad@ive 
Forces will be the ſame, in reſpect to the diſtance of 
1 that common Center, and in reſpect᷑ to 
the whole diſt ance between the Bodies. X 
For the Forces, whereby the Body P [ Fig.47.] - 
tends to S, are directed to any point whatever, 
in the Right line PS produced towards S. And 
in like manner, the Forces of the Body 5, are 
directed to any point whatever, of the ſame 
Line produc'd towards P. But C is the wor 
point of the Right line SP, produced 
ways, that continues at reft, in every ſituation 
of the Bodies ; and therefore C is that point, to 
which the Bodies P and S tend, with the ſame 
Forces, as they attract one another. 

Again, becauſe the Bodies that -revolve are 
given, and the ratio of the diſtance of either 
of the Bodies from the common Center, to the 
diſtance of the ſame Body from the other. And 
conſequently the ratio of any Power of the 
diſtance of the one, to the like Power of the 
diſtance of the other, is given; as alſo the ra- 
tio of any Quantity, which is any way com- 
pounded of one diftance and iven Quan- 
tities, to another Quantity, which is in the like 
manner compounded of the other diftance and 


as many given Quantities, having that given ta- 
tio of the Diſtances to the — . Wherefore, 
if the Force, whereby one Body is attracted by 

p Ges A 
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the other be di the diſtancs of 
the Bodies from one another, or as any Power 
of this diſtance ; or laſtly, as any Quantity com- 
pounded any how of this diſtihce and Ne 
rities given; this ſame Forte, whereby ky 1 
Body is attracted to the common Center bf 
Gravity, will be in like manner directly or re- 
eiprocally as the diſtance of the — Bod 
from that common Center, or as the ſame Pow- 
er of that diſtance, or laſtly, as a Quantity com- 
pounded after the fame manner of this diſtance 
and of the analogous given Quantities : And 
therefore there will be the fame Law of the at- 
tractive Force in regard of the diſtarice from the 


Center of Gravity, as there is in regard of the 


diftances of the Bodies. Which was to be de- 
„ | 
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HE Periadic Time of two Bodies, 5 aud P, [Pig 

49. ] revolving about the common Center | 
Gravity G, is to the Periodic Time of any other 
P, revolving about the other neu poiat S 
(artracti with the ſame Furces,) in the ſub 


ratio of the * 10 the aggregate of rhe Bade S 


_— 
equal and ſimilar to , be 
= Ler chan Bday p,/ equal aa f 54, abour /, 
e eee The Figures 
GP p , Gy Prop. 50.) are ſim fimilar; and 
ahe Forces whe whereby the Bodies being in any 
Points (D and 4) ſimilarly poſited, tend to- 
Oker yu.) he Force wh are equal; becauſe, 
. oy: 


—— 5 


n as to K. 


| 
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vb. 2. a6, and Schol. 7.) the Square 
i Time of he I Body P, moving 


in the Orb P DR, is to the Square of de 
Pexigdis Tiras of ahe-Body , 


Right ſine & P to che ho 
3 that is, as C to SP: that's, 
re of a Center of Gravi Has the 
b A FF) ( 7 
| 1 [+ PDR, or 
Body 8 in Le Orbit S E I) is to the Periodic 
Time of the Body v in the Orbit p'dr, in the 
ſubduplicate ratio of the Bady S, to the aggre- 
8 of — S and P. Which was to be 
. N 


piopostriox IV. 


en 8 Þ, mae ee ende 

Forces reciprocelly proportional to the Square of 
hour „ the * 
avity ; I ſay, that the greater Axe 

Ga ber Body P deſcribes by this morion-abdut the 


other 8, (in the manner deſcribed in Prop. 0. Al to 
the greater Axe of the E 


boſe, why the — Body 
P might deſcribe. about” the ofbir S at reſt, (as p 


P the P Tame, in the. 
El is ook rw te Bader dF 


t. x \ 
e ee deſcribed bout. the ＋ * 
1d quieſcent Body S, by the Body P, were e- 
al the Periodic Times in tham (by * Fly 
TY. Van be in the ſubduplicate ratio af 
egate of the Bodies $ aud F. 
Imaginat the la 


Wie co be changed; dil dee 
Periodic Time of che Body ? (deſcribing this 
5 abqmt the 75 Body S,) become a- 

to the Perlodic of the Body P ,t 
Ying abopt the diy 6 : LEGS we ſuppoſe inichis 
J chat is, till 2 


1e. = 


4 24; 


common Center 
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chis being leflen'd may be in the ſaid{ubduplicate 
ratio of the Body S, 23 Go fink of the Bodies $ 
and P. But becauſe (by Prop. 40.) in the preſent 
caſe, the Squares of the Periodic Times are as 
the Cubes of the Tranſverſe Axes, the Periodic 
Times themſelves will be in che 
ratio of the ſaid greater Axes. The greatet 
Axes therefore of the latter Ellipſe, being leſ- 
ſen d, is in a ratio, whoſe feſquip Beate is the 
ſab duplicate ratio of Pro S+P; that is, in 
the fu te ratio of $ to SF: (For T of 
222 and conſequently is to the unvaried 
Axe (equal to this before it was leſſen d) of the 
other , deſcribed about the Body 5, in 
„ Ter And 
cherefore inverſly, che greater Axe of the El- 
lipſa.deſeribed about the movable Body 8, is to 
the greater Axe of the Ellipſe deſcribed about 
the quieſcent Body S, in the ſame or an equal 
Time, in the ſubtriplicate ratio of the ſum of 
the Bodies S + P 8 the quieſcent —_ S. 


Wach was to be demonſtrated. 


prorostrion LV. 


THE. Law of Attraftion the (+ E 

fore, I ſay the Orbit P R, (Fig. Jo.) of 

P, comes nearer to an Elipſe, whoſe Focus is C, 
r. of the Bodies S and M, 
than to an Ellipſe, hoſe Frens is the Center of it S: 
and that the Areas deſcribed by Nai drawn to C, 
to the Times, than the Ateas de- 
ſeridad by Rod drawn to the Centre of it S. | 
For the attractions of the Body P toward $ 


Book Il. of As TRONOMY. 113 
PC, than to the ſquare of the diſtance PS: 
For this laſt would then hold preciſely, when 
M becomes nothing; ahd the ſame thing would 
be true of A/, if it ſhould increaſe till it im- 
menſly exceed S. *Tis certain therefore, that 
the Forces, in the preſent Caſe, are directed to 
ſome Point lying betwixt S and , and nearer 
the greater of them, as is the common Cen- 
ter of their Gravity C; which alſo is that 
Point where the Natural Forces of any kind 
of heavy Bodies placed round about it, are 
united and concenter'd: for the aggregate 
of ſeveral heavy Bodies is moſt juſtly looked 
upon to be there, where the common Center of 
their Gravity is; as it is well known by Philo- 
ſophers. What therefore was propoſed is evi- 
_ and certain. Which was to be demonſtra- 


ProvosrTION LVL. 
| O ee the ſame Laws of the Attraction, I ſay the 
external Body P deſcribes Areas more nearly pre- 
portional to the Times, about the common Center of Gra- 
vity C, of the internal Bodies S and M, by Radii 
drawn to that Center, and an Orbit coming u? nearer 
to the form of an Ellipſe, having a Focus in that Cen- 
ter, if the moſt internal and biggeſt Body S be agita- 
ted by theſe Attractiont, juſt as the others are, than 
if ſo be it ſhould be at reſt, not being attracted at 
all, or much more or much leſs attracted, or much 
more or much tes agitated. | 
By the Prop. preced. it is evident, that the 
Center to which the external Body P is urged, 
is neareſt the Center of Gravity of the internal 
Bodies $ and M. If that Center coincided with 
this common Center, and the common Center 
of Gravity of the three Bodies S, M, and P, 


were at reſt; P on one ſide, and the common 
| 1 Center 
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Center of $ and M on the other, would de- 
ſcribe accurate Ellipſes about the common 
Center of all three, being at reſt, and as it 
were the common Focus, by Corol. 2. Prop. 51. 
And therefore the perturbation of the ſaid Mo- 
tions (in the Ellipſes) will be very ſmall, when 
the common Center of Gravity ot three Bodies, 
S, M, and P, is at reſt: And it is at reſt, if the 
Body & be agitated after the ſame manner as 
the others are; as was ſaid before. And there- 
fore the perturbation will be the leaſt, when $ 
is attracted by the ſame Law as the others are. 
Which was to be demonſtrated. 


5 COROLLARY 


After the fame manner, if more leſſer Bodies 
tevolve about the teſt, it may be inferred, 
that the Orbits deſcribed come nearer to Ellip- 
ſes, and the deſcription of the Areas more e- 
quable, if all the Bodies murually attract one 
another with accelerative Forces, which are as 
their Maſſes directly and the Squares of their 
diftances inverſely, (for this is to be agitated, 
jaſt as the others are, ſuppoſing the Law of che 
attractions to be the ſame with that in the Pro- 
poſition ;) and the Focus of each Orbit be placed 
in the common Center of Gravity of all the in- 
ternal Bodies, than if the greateſt Body were at 


reft, and made the common Focus of all the 
Orbits. | 


PROPOSTLTICOR LVII. 


Everal Bodies, whoſe Accelerative Forces are to 
| one another reciprocally as the Squares of the 
diſtances from their Centers, may be moved in Ellip- 
ſes about a great one, and 4. cribe Area's near- 
ly proportional to the Times, by Radii drawn to 
d 
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Let the ſeveral leſſer Bodies P, 5, =, 504.0 r.] 
be ſuppoſed to revolve about a great Body, as 
S: And becauſe the common Center of Gravi- 
ty of them all does not change its ſtate of Mo- 
tion or Reſt, by the mutual actions of the Bo- 
dies upon one another; (as was explain d before,) 
and we ſuppoſe them free from all other exter- 
nal agitation or impediment ; that Center may 
be at reſt. If now we ſuppoſe the lefler Bodies 
P, p, æ, to be ſo little in compariſon - to the 
— one 5, as that it is never ſenſibly diſtant 

om the ſaid common Center of Gravity, then 
that great one 8 will be likewiſe very nearly 
at reſt ; but the lefſer Bodies will revolve about 
this greater in Ellipſes, having the great — 
in the common Focus; and therefore they wi 
deſcribe Areas, by Radii drawn to it, proporti- 
onal to the Times; bating the Errors ariſing 
either from the digreffion of the greateſt Body 
from the common Center of Gravity, or from 
the mutual attractions of the lefler Bodies upon 
one another. But theſe leſſer Bodies may be 
leſſen'd till that digreſſion or thoſe mutual at- 
tractions be leſs than any given ones. And 
therefore ſeveral Bodies may move about a 
great one in Ellipſes, and by Radn drawn to 
its Center, deſcribe Areas proportional to the 
Times, ſo as that the Errors committed (or 
what hinders them from being exact) may be 
lefs than any affignable ; that is, indefinitely 
near. Which was to be demonſtrated. 


PrxorosrTION LVIIL : 

TD Y the mutual action of the Sun and any primary 
| Planer, the Planet deſcribe an Elipſe, whoſe 
Focus is the common Center of die of the Sun and 


the ſaid Planet. But by the action of the primary ; 
Planets upon one another, the Orbit of each is nearly 
| | ; 2 an 
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an Ellipfe, whoſe Focus is the common Center Gra- 
wity of the Sun, and all the inferior Planets. 
3% it the primary Planets gravitated towards the 
Sun, and not the Sun towards the Planets, each 
primary Planet would deſcribe an Ellipſe about 
the Sun's Center at reſt, as a Focus; as was de- 
monſtrated in Prop. 42. And if the Maſſes of 
the Planets were inſenſible in compariſon to the 
Maſs of the Sun, the ſame would hold very 
nearly, by the preceding: And that this is al- 
oft the caſe of the Solar Syſtem, is evidence 
rom Prop.34- But becauſe (by Corol.Prop.47.) not 
only the Sun gravitates towards a Planet, but 
4 Planet alſo towards the Sun, and beſides a Pla- 
net is not a Maſs intirely inſenſible in regard of 
the Sun; each Planet (by Corol. 2. Prop. 5 1.) de- 
{cribes an Ellipſe, whoſe Focus is the common 
Center of Gravity of the Sun and the ſaid 
Planet: And (by Prop. 54.) the greater Axe of 
this Ellipſe, exceeds the greater Axe of the El- 
lipſe which the Planet would deſcribe about the 
Sun being at reſt, in the ſame or an equal Time, 
in the ſubtriplicate ratio of the ſums of the Maſ- 
_ the Sun and Planet, to the Maſs of the 
umn. . 
| Beſides, becauſe (by the abovementioned Corol. 
Prop. 47.)the Planets gravitate towards one ano- 
ther, and the Sun is agitated by the ſame attra- 
ctions as the Planets ; Mercury, (by Prop. 50.) will 
deſcribe very nearly an Ellipſe having the Focus 
in the Center of the Sun; Venus, an Ellipſe whoſe 
Focus is in the common Center of Gravity 
of the Sun and Mercury, and ſo on; each pri- 
Planet will deſcribe an Ellipſe, whoſe Fo- 
cus 15 in the common Center of Gravity of the 
Sun and all the inferior Planets. And after this 
manner, the actions of the primary Planets up- 
on one another, are conſidered, and reduced to 
a ſtandard. e SECT. 
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SECTION IX. 


Of the Motion of a Syſtem of Bodies,” 
which revolves about another Body; all 
which is applied to the Syſtem of the 
Sun and Planets Primary and Secondary. 


ProeosITION LIX. 1 
1 common Center of Gravity of a SyſFem of 
two or more heavy Bodies, revolving about one 
another in Ellipſes, may move in an Ellipſe, or au 
other Conic Section, about another greater placed in the 
Focus of the Ellipſe, and may deſcribe, by Radi 
drawn to the Focus, Areas proportional to the Times, 
indefinitely near. | 
Let us ſuppoſe a Syſtem of two Bodies re- 
volving mutually about one another (as in Cor.2. 
Prop. 51.) and another Syſtem of leſſer Bodies 
L, I, x, revolving (after the manner deſcribed 
in Prop. 57.) about a great one P, [Fig. 52.] to 
go on uniformly in a Right line, which is eyi- 
dently poſlible: (thar is, for its common Center 
of Gravity to move along Right lines, for in- 
ſtance, PR;) andin the mean while to be urged 
laterally, by the Force of another great Body 
as S, placed at a great diſtance, and forced to 
move in the Curve PH, being drawn off from 
the Right line PR. And becauſe equal Acce- 
lerative Forces impreſſed along parallel Right 
lines don't alter the ſituation of the Bodies to 
one another; but cauſe the whole Syſtem, pre- 
ſerving their Motions in regard of one another, 
to be transfer d at the ſame time together: "Tis 
evident that there will ariſe no alteration in the 
Moripg.of the Bong mujually axcragted, Pom 
1 3 ene 
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the attractions, towards the greateſt Body $, 
but from the inequality of the Accelerative at- 
trations, or from the Inclination of the Lines 
to one another, according to which the Attra- 
ions are made. Now the diſtance of the 
greateſt Body may be increaſed, till the diffe- 
rences of the Right lines drawn from it to the 
Bodies of the Syſtem in Motion (namely, the 
great one P, and the leffer L, I, ) in reſpect to 
the Lines themſelves thus drawn, and the Incli- 
nations to one another, become leſs than any 
given ones. And ſince all the Accelerative at- 
trations towards S, by the Hy fis of Gra- 
vity, are reciprocally as the Squares of the Di- 
ſtances; theſe ( in this caſe) differ from equal 
Forces, by a difference which is leſs than any 
given one: And therefore the Motions of the 
parts of the Syſtem P, with its Bodies L, I, à, 
will perſevere after the fame manner as before, 
when the. greateſt Body & did not attract that 
Syſtem; and the whole Syſtem attracted af- 
ter the manner of one Body, will deſcribe by its 
Center of Gravity, (in which the whole Syſtem 
of the heavy Bodies P and L, I, x, is fuppoſed 
to be contracted and united, as in other Philo- 
ſophical caſes, ) a Conic Section whoſe Focus 
is S; and by a Radius drawn to that greateſt 
Body, will deſcribe Areas proportional to the 
Times: And the errors which are over and a- 
bove, may be lefſen'd at pleaſure, by increaſing 
the diſtance of the Body S. Therefore the 
Center of Gravity of a Syſtem of Bodies P, 
and L, I, à, may move in an Ellipſe very near- 
ly. AE. D. / 

| COROLLARY 1. 
When a Syſtem of two Bodies revolving about 
one another, or of a great Body with leſſer Bodies 
rerolving about it, is moved about a * ; the 
Motion 


= oY 
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Motion of the parts of the Syſtem amon 


themſelves will be ſo much the more diſturbed, 
as the greater Body approaches nearer the faid 
Syſtem : Becauſe the inclination- of- the Lines 
drawn from the greater Body to thoſe parts, is 
greater, and the inequality of the ratio likewiſe 
greater; and, in one word, becauſe there is. a 
greater receſs made from that caſe; wherein 
there is no perturbation at all; namely, when 
the Body S is at an infinite diſtance. | 
- 1 2. e 
rom w on the contrary, i 
of a Syſtem of the Body P — e. 
volving Bodies L, I, x, move in Ellipſes or Cir- 
cles), without any conſiderable perturbation; tis 
manifect, that the ſame are only urged very 
ſlightly by any Accelerative Forces tending to- 
wards other Bodies, or that they are urged e- 
qually, and along parallel Lines, indefinitely near. 


ProeoOsITION LX. 

F a leſs Body L. | Fig. 53. I revolve about a great 
B oneT, (as in Corol. 2. Prop. 5 1.) and the Syſtem 
of theſe to revolve about a greater S, (as in the 
preceding,) and in theſe three Bodies, if the Accele- 
rative attractions of any two, towards the third, be 
reciprocally as the Squares of the Diſtances from it; 
let it be propoſed to ſhow in general the Errors com- 
mitted by the Body L, together with the cauſes and 
reaſons of them ; namely, why the Body L does not, 
by a Radius drawn to T, deſcribe Areas exactly 

tional to the Times, and run in the Perimeter of an 
Ellipſe, one of * whoſe Foci is T. 
uſe the Body L is ſometimes more, ſome- 
times leſs diſtant from the Body S, let SK be 
its meal diſtance; which may likewiſe 
the Accelerative attraction of the Body L to- 
wards S, in that mean — Let the _ 

” pa 0 
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of the leaſt Body in its Orbit B C G D, be taken 
at pleaſure: And in $ L, produced if need be, 
let the Right line & A be taken, ſo as that it be 
to S K in thtegduplicate ratio of & K to S L, which 
conſequentiy will expreſs the Accelerative at- 
traction of the Body L towards S, when it is 
in the point L, thus aſſumed; becauſe, (by ſup- 
poſition,) the Accelerative Force in L is to the 
Accelerative Force in K, in the duplicate ratio 
of SK to S L; that is, (by conſtruction, ) as 8 A 
to S K. Connect TL, and through 4 draw 
A 44 parallel to it, meeting ST in A. 

The Attraction S 4 of the Body in L to- 
wards S, may be reſolved (as is well known, 
into the Attractions 4 M, MS. Wherefore the 
Body L will be urged by a threefold Accelera- 
tixe Force; one tending to 7, and ariſing from 
the mutual attraction of the Bodies Land 7; 
by this Force alone, the Body L, by a radius 
LT drawn to the Center of the Body 7, would 
deſcribe Areas proportional to the Times, and 
an Ellipſe, whoſe other Focus is in the ſaid 
Center. The other Forge, whereby L is urged, 
is expreſſive by A M, and is parallel to the di- 
rection of it; which becauſe it tends from L to 
Z, adding the former Force, will with it com- 
poſe another, whereby the Areas deſcribed, 
will {till be proportional to the Times, (by Co- 
rcd. 1. Prep. 51.) But becauſe this Force, as 4 M, 
is not reciprocally proportional to the Squares 
of the diſtance L 7, the Force compounded of 
this and the former, will not be ſuch ; but will 
recede from that proportion, and that ſo much 
the more, as (other things being alike) this new 
Force added to the former, and repreſented by 
A.M, is greater. Conſequently the Body L, 
which is urged by this compound Force, will 
not deſcribe the Perimeter of an Ellipſe, _ 

f | ocug 
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Focus is 7; (for to this a Force tending to 7, 
and reciprocally proportional to the Square of 
the diſtance from it, is required by Prop. 39.) 
but will cauſe its Orbit to have ſome Ugreliion 
from an Ellipſe, whoſe Focus is T'; and that 
digreflion will be ſo much the greater, as this 
compound Force (whereby L is urged,) recedes 
from a Force reciprocally proportional to the 
Square of the diſtance from T ; that is, (as has 
been ſhewn, ) the greater the ſuperadded Force 
repreſented by A M, is, in reſpect to the Force, 
whereby L is attracted to 7, other circumſtan- 
ces being alike. Again, the third Force, where- 
by the Body L is urged, which the Right line 
AMS repreſents, acting according to the dĩrecti- 
on of it, ( namely. according to the direction of 
L F parallel to M S) ſuperadded to the former 
Forces, will compound another, whoſe directi- 
on is not from L towards 7; but along a Right 
line declining from thence towards FE, more or 
leſs, according to the ratio of this third Force 
to the ſum of the former Forces. And there- 
fore the whole Force, compounded of all three, 
whereby L is urged, ſince it does not tend to 7, 
(by Prop. 40.) will make the Body L deſcribe 

not proportional to theTimes, by the Ra- 
dius L T. And the digreſſion from that ſimilitude 
of the ratios between the Areas deſcribed and 
the Times in which they were deſcribed, will 
be ſo much the greater, as the ratio of this third 
Force acting according to the direction of L F, 
to the former Forces, is greater. Beſides, the 
ſuperaddition of this third Force will induce 
a deformity in the Elliptic Figure of the Orbit, 
on 2 double account, both becauſe it is not di- 
reed from L to 7, m_ _— it is 7 
procally proportional to the Square of the di- 
ſtance; and the deformity is ſo much the great- 
* ; ER 
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er, as, other things being alike, this Force MS is 
greater. In the Right line ST, (from & towards 
T) take SN, to S K in the duplicate ratio of SK 
to ST; the Accelerative attraction of the Body 
T towards S, will be expreſs d by SN. If the-Ac- 
celerative attractions SM, SN, be equal, (as in the 
ad of theſe Fig.) they will not alter the ſituation 
of the Bodies 7 and L to one another, by acting 
npon them equally, and according to parallel 
Right lines: But the Bodies & and T approach- 
ing nearer to one another, the motions of J and 
L, in regard of one another, will be juſt the 
ſame as if theſe attractions were intirely abſent. 
But if the Accelerative attraction S N, be leſs 
than the Accelerative attraction S M, (as in the 
fuſt of theſe Fig.) the former, and a part of the 
latter equal to it, will, (as was ſhewn in the 
preceding caſe,) reduce themſelves mutually to 
that State, as if both of them were abſent, and 
the difference of them, on the part of the Acce- 
lerative Force S M, expreſſed by MN, remain; 
which therefore diſturbs the proportion of the 
Areas and Times, and the Elliptic Figure of 
the Orbit, GCBD. Butif 5 N exceed 8 M, 
(as in the zd of theſe Figures ) their interval 
MN, will denote that difference of the Acce- 
lerative Forces, whereby the proportion of the 
faid Areas deſcribed, and Times of deſcription, 
together with the Elliptic form of the Orbit 
GCBD, are diſturbed. And therefore by the 
attraction-N'S, is the third attraction. S M al- 
ways reduced to M N, which exerts. its Force 
from M to N, or from L towards E, the for- 
mer Forces being intirely unchanged. And 
theſe are the Forces that generate the Errors of 
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| . LXI. 
HE ſame things bei oſed, let it be pro: 
poſed to give an — 4 of ſuch Errors * 
lefſer Body L. [Fig. 54.] revolving about a great 
one T, not in the ſame plane wherein T revolves 
about a greater Body 8, arifing from the inclination 
of - ſaid Planes; as alſo of the Cauſes and Reaſons 
of them. 
n From the demonſtration of the preceding 
Prop. tis ſnewn, that all the errors of the Body 
L, ariſe from the Forces repreſented by the 
Right lines A , MN. But becauſe one of them 
AA, acts according to the direction LT, which 
lies in the plane of the Orbit of the Body C, the 
Force acting according to its direction, will not 
diſturb the Motion of the Body L, as to its La- 
titude. 

If the ſituation of the Orbit of the Body EZ, 
be ſuch, as that the Body S is found in its com- 
mon Section with the plane of the Orbit E TE, 

which 7 deſcribes about S: (that is, to ſpeak 
in the Language of an Aſtronomer, it the 
Nodes of the Orbit of the Body L, be in the 
Syzygies of the Body S;) MN alſo lies in the 
plane of the Orbit of the Body L; becauſe in 
the common. Section: And therefore the Force 
acting according to the direction of it, does not 
diſturb theſe Motions. | , 

The other things remaining the ſame, let 
the Plane G C D of the Orbit of the Body TL, 
be ſuppoſed to be inclined to the Plane S E T, 
ſo that part of it C G D, may be elevated above 
it, and part CB D, depreſſed below it: Upon 
the ſame Center 7 and equal Semidiameter, let 
the Circle Ch Dg, be ſuppoſed to be deſcribed 
in the Plane SET, and the Nodes will be C 
and D: Suppoſe them when ſeen from 7, to be 
jn 2 Quartile aſpect wich the Body S; * is, 
OO ROT ra iq EY 1 = ſup- 
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ſuppoſe the Angles STD, STC right. In the 
e of the motion of the Body L, along the 
Semicircle C G D, ( ſee the firſt of theſe Fig.) the 
Force as MN of the Body L, acting with the 
direction AN, (that is, from L to F) attracts 
the Body from its Orbit CGD towards Cg D; 
that is, leſſens the Latitude of the Body L, 
(reckoned from the Plane C g D): And the Bo- 
dy L, in its continual receding from the Plane 
CG D towards 5, till it has arrived to the next 
Node, does not paſs the Plane ETS or CRD 
in the point wherein it paſſed before, but a lit- 
tle on this ſide of it; and makes the Node of 
the Orbit, now deſcribed by it, a little more i» 
antecedentia,in regard of the Node D of the Orbit 
CGD, which it would have deſcribed without 
this Force M N. In like manner in the paſſage 
from the Node D to the Node C, through the 
Semicircle D BC, (to which caſe the ſecond of 
theſe Figures is accommodated,) the Force as 
MAN, aZing according to the direction of AN, 
or from L towards F, makes the Body L to go 
backwards perpetually from the Orbit DBC, 
and deſcribe anothet inclin'd to DbC, in 2 leſ- 
ſer Angle, and to paſs the Plane DbC ſooner 
than in C; that is, than it would have done if 
the Force M N had not been preſent ; and by 
this means there will be made a new place for 
the Node tending in antecedentia ; and again, 
during its paſſage, the part CG D of its Orbit 
towards the conjunction with the Body S, the 
neareſt Node will recede in antecedentia, as be- 
Beſides, (the Eye being placed in the Line of 
the Nodes produced, ) let Sg T |[ Fig. 55) repre- 
ſent the Plane of the Orbit of the Body T re- 
volving about S, GDB the Plane of the Orbit 
af the Body L, while the latter is inclined 2 
4 * the 
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the former, by the ſmalleſt Angle, namely, G D 
or GDb ; ich happens (as has been Beunz 
when the Body L is ſeen from T in the Syzygies 
of the Body S. And ſince it has already been 
ſhewn, that the Nodes of the Orbit of the leaſt 
Body L tends in antecedentia; the Orbit which 
the Body L, departing from 6, where it was 
ſeen in conjunction with 5, further deſcribes, 
will meet g Db on this ſide D in reſpect of 5, and 
will be the Line Gd. And the Orbit which the 
ſame L deſcribes, departing from B, where it 
was in oppoſition to S, namely, the Line B 2, 
will meet the Plane g D in , viz. beyond D 
in regard of S. And it is evident that the Line 
Gd or B contains a greater Angle with g Db at 
d or J, than the Angle made by the Line G D 
or BD with the ſame g Db; being about equal 
to that which the Orbit of the Body L made 
with g Db, when L was very near the Node. 
The Nodes therefore being intheQuadratures,go 
backwards; but in the Syzygies are at reſt; and 
therefore always whether they areRetrograde or 
Stationary,upon the whole go backwards; bur in 
the intermediate places, partaking of both con- 
ditions, go backwards ſlower; and fo much che 
ſloweras they are nearer the Syzygies. But when 
the Nodes are in the Quadratures, the inclina- 
tion of the Plane of the Orbit of the Body L, is 
leſſened in the paſſage of the Body L from the 
Quadratures to the Syzygies, and augment- 
ed in the paſſage of the ſame from the Sy- 
zygies to the Quadratures: (For the parts of 
the Lines Gd, BH, towards d and , are in- 
clined in a 285 Angle to g Dl than their 

rts towards G and B; and the Orbit of the 
Body at every moment of time is to be looked 
upon as a lineola, deſcribed by it in that mo- 
ment; and that is the Plane of the a 


126 The ELEMENTS Book I. 


ſſes thro the ſaid lineola, and the Center of the 
Bod 7.) And therefore the Body L being in 
the Syzygies, the inclination becomes the leaſt 
poſlible, and returns to its former magnitude, 
or thereabouts, when the Body comes to the 
neareſt Node. And theſe are the principal Errois 
ariſing from the inclination of the Planes. Q. E. I. 

SCHOLIUM. 

The ſame holds, tho the Body L [ Fig. 56.] re- 
volves not about 7; but both T and L abour S, 
as 3 Center. For in this caſe the outmoſt 7, 
produces the Effects of the Body S; and S, to- 
gether with L revolving about it, ſupplies the 
places of Tand L revolving about it, in the fore- 
going caſe. For the Demonſtration is the ſame, 
whether the 2 Body moves or not. 

COROLLARY. | 

By the ſame Laws, as the Body L | Fig. 54.] 
revolves abour T, let us imagine ſeveral Bodies to 
move about the ſame 7, at equal diſtances from 
it; and a Ring CBDG rigid and concentric 
with the Body 7, made up of them, being 
multiplied, and at length becoming contiguous: 
And the ſeveral parts of the Ring will perform 
all their Motions (which are 'not impeded by 
therigidity, ) according tothe Law of the Body L. 
And therefore the Nodes C and D of the Ring 
CBDG are at reſt, when they are in the Syzy-. 
gies of the S: and will move from them, 
in antecedentia, ſwiftly in the Quadratures, and 
flowly in all other places : And the inclination 
of the Ring will be changed, (the Axe of it 
Oſcillating,) as has been ſhewn concerning the 
Orbit GCBD, in the Propoſition. © 

If now the Globe 7 (having the fame Axe 
with the Ring CB DG, and compleating its Re- 
volutions about that Axe in the fame times,) be 
conceived to be increaſed ſo big, or the Ring 

, (other 
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(other things remaining as before) leſſen d, ſo 
as that the Globe touch the Surface of the Ring 
internally, and cling to it, becauſe cloſely en- 
compaſs d by it: The Globe 7 (which we ſup- 
poſe intirely indifferent to all impreſſions, ) will 
partake of the Motion of the Ring, and the 
aggregate of them both, will oſcillate, and the 
Nodes of the Ring (or the interſections of it 
wich the Plane of the Orbit of the Body T about 
S,) will go backwards. 


PrRoePosITION LXIL 


HE Body L, Fig. 54. ] by a Radius drawn to T, 
will deſcribe Areas more nearly proportional to 
the Times, and a Figure coming nearer to the Form 0 
an Ellipſe,whoſe Focus is I; if T be attracted towards 
S, by the ſame Law as L is, than if it were attra- 
Hed a great deal more or a great deal leſs. 

For, by the preced. Prop. the pertupation of 
| the Proportionality of the Areas and Times, 
and the deformity of the Figure of the Orbit, 

ariſe principally from the Force repreſented by 
MN. And therefore the Areas and Times will 
come neareſt to the Propartionality, and the 
Orbit GCBD to an Elliptic Figure, when AN 
is nothing, or the ſmalleſt poſſible: That is, 
when the Accelerative attractions $M, SN, 
(whole difference is MN) of the Bodies L and 7, 
are nearly equal; or, which is much the ſame, 
when the Accelerative attractions of the Bodies 
L and T towards 5, approach as near as poſſible 
to an equality: (For the other part of the Acce- 
lerative attraction of the Body L to S, expreſſed 
by SA, namely A A, tho it does not diſturb 
the {aid Proportionality, yet it renders the El- 
liptic Figure deformed; that is, when 8 N, the 
Accelerative attraction of the Body T towards 5, 
is notmmo#e; (for from what has been — 
| above, 
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above, the Attraction SM is reduced to a leſſer MN 
by the Attraction 8 N,) nor leſs than the ſmalleſt 
of all the Attractions S A, ( otherwiſe MN 
would be too great in every ſiruation of the 
Body L,) but as it were a mean between the 
greateſt and leaſt of all the S A; that is, neither 
much greater nor much lefs than the Attraction 
SK. And therefore the Body L, by a Radius 
drawn to 7, will deſcribe Areas more propor- 
tional to the Times, and a Figure approaching 
nearer to an Ellipſe, if F be attracted towards 
S, by the ſame Law as L, than if it were at- 
tracted much more or leſs, Which was to be 
demonſtrated. 

The ſame holds, if (other things remaining 
as before) the Body £ did not revolve about 7; 
but both T and L about S. For, as was ſaid in 
the preceding, the Demonſtration is the ſame 
whether the diſturbing Body move or not. | 

| SCHOLIUM.. 

It may in like manner be infer'd, that if a 
Syſtem of Bodies P and L, I, a, [ Fig. 52.] re- 
volving about 5; (as in Prop. 59.) the Orbits de- 
ſcribed will come nearer to Elliptic ones, if all 
the Bodies acted upon by the ſame Laws of At- 
trations, than if on any account, the ſame 
Laws did not hold; and the common Center of 
Gravity of the Bodies P, L, I, , will deſcribe 
an Orbit whoſe Focus is in the common Center 
of Gravity of all the inferior Bodies; as in Cor. 
Prop. 56. | 


PROPOSITION LXIII. 


Dr reaſon of the mutual action of the Earth and 
Moon, their common Center of Gravity moves 
in the Orbis Magnus about the Sun. After 7 ſame 
manner, the common Center of Gravity of Fupiter 
and its Satellites, aud of Saturn and its Attendants, 


| are 
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ave carried in vbe Orbit: wpiter and Suu, z de 
termined. 1 071 58. if f Pl 92 
Becauſe 6. A 479) Moon 

vitates towards the Barth, uiid the Barth towards 
the Moon; the Satellites of Jupiter towards 
Jupiter, and Jupiter in like manner towards its 
Satellites; Saturt's Attendants towards Saturn, 
and Saturn towards its — what was 
propoſed is evident from Prop 59. And becauſe 
(by Cordl. Prop. 47.) the Sun, every Primary Pla- 
net, and its Secondary, are acted upon by the 
ſame Laws of attractions, the Orbit of each Se- 
condary is very nearly an Ellipſe, having a Fo- 
cus in the Center of the Primary, by the fore- 
ding. But the motions of the Satellites are di- 
ſturbed, as has been ſnewn in Prop. 60 and 61. 
and are affected wich various ine qualities, that 
ns be r or og their . Rem: here- 
after. 


2 roam [ON LXIV. wifi 
* * of the Earthy. the 2 
noctial — — and tbe Axis of 
110 Earth, in 12 „ twice than- 
ges its 2 6-908 nN and ue returns to 
its former inclination. | 
In Prop. 33. we ted * Axis of the 
Earth, as remaining always - parallel to 
it ſelfigbecauſe then we had only the Phænomena 
of one Revolution to explain, in which ſpace of 
time it preſerves irs Paralleliſm very nearly. But 
rows of theEarth's Figure, whichis an Oblate 
| from the Cauſes pointed _ 
31. Fe e is now ſomething different. 
& VS (Fig. 57.) be the Orbit of che 
Eartk about the Sun © "IE B Ahe Earth it ſelf, 
whoſe Poles are A and 'B , Equator E . Beca 
. N.) — is an oblate . 
de- 


r "Ah 
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(depreſſed towards the Poles A and B, and ele- 
vated towards the Equator E A,) it is like a 
Globe faſten'd to a Ring; for that exceſs of 
Matter, which. is about the Equator, ſupplies 
the place of a Ring. And therefore, by Corel: 
Prop. 61, the Nodes of this Ring will go back - 
wards : That is, the Earth departing from , 
(where the common interſection of the Ecliptic 
and the Equator, of the Earth, is directed to- 
wards the Sun O, and conſequently the Sun 
ſeen in the Equator in the Heavens, makes the 
Equinox, ) thro' towards V, will arrive at 
the Node Y ſooner than at V the point oppo- 
ſite to : And the Earth going forward from 
Y thro' S, towards , will arrive at the new 
Node , ſooner that at , where the Node was 
was in the former revolution; that js; the plane 
of the Equator of the Earth produced, will paſs 
through the Sun ſooner than the Earth's Center 
arrives at &. But then the Equinox is celebra- 
ted, when the un is found in the plane of the 
Earth's Equator ; (as has been ſhewn at large, 
Prop,.33-)and they are to be looked upon as the 
Equinoxial Points, in which the Sun appears 
at the time of the Equinoxes. Wherefore it is 
evident, that the Equinoctial Points, and toge- 
ther with chem, all the points of the Ecliptic, 
depending upon the Equinectial Points and re- 

ckoned from them,) will ſeem to go backwards, 
or move in antecedentia ; if the Fix d Stars be 
taken as immovable. But if che pointz of the 
Ecliptic be looked hpon us unmoved, then the 
Fixed Stars wilt; be yeckaned to have moved as 
much fotwards or in conſe | 
The Regreflion of the Points, as 
has been hicherto explained, progeeds fromm the 
Action of the Sun upon n 

ob) | FOR Earth 


menhia.-". 4 © 
- - - 


— 
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Earth at the Equator, or the redundant Matter 
at the Equator, as has been ſhewn, Corol. Prop. 
61. But the Force of the Moon alſo upon this 
fame Ring is conſiderably great, as is evident 
from the Schol. to Prop. 61, and its Corollary : For 
ſince ſhe is always in the Plane of the Ecliptis, 
or not far from it, ſhe will conſpire with the 
Sun in the ſame Effect. 2 
Bieſides, in a Semi- revolution of the Earth a- 
bout the Sun from <- thro” to V, the incli- 
nation of the Equator to the Ecliptic thto' the 
action of the Sun, js leſs than when the Earth 
was in ; and it is leaſt when the Earth is in 
W, (by Prop, 60.) the Nodes of the Ring being 
in the Sun's Quadrature. And when the Earth 
is arrived at M, and the Nodes at the Sun's Sy- 
zigies, the former Inclinatiom is reftored again: 
In paſſing'from V thro”'s to +, the Hike leſ- 
ſening of the ſaid Inclination happens again ; 
and the Axis of the Earth Oſcillates together 
with the Equator. The Axis therefore of the 
Earth, in every Revolucdan, changes its inclina- 
tion to the Eclipric twice, and twice returns 
to the former inclinarion; mch will happen 
twice, Aiſg in cvery Periblic Month, upon 
the account of the action of the Moon. 
But this Ofcillatiom will ſcarcely be ſenſible, 
whereas the regreſs of the Points of the Eclip- 
tic is known to every Body, tho' it ariſe from 
the ſame Forces. For in each Equinox, the in- 
clination of the Axis of the Earth towards the 
Ecliptie, returns to its former bigneſs, and 


in a ſeries of Years becomes not more ſen- 
- fible : But the regreſs of che Points of the 


Ecliptic is contingally onwards, and the Equi- 
noctial Points never return to their ancient 
Place, till hey have compleated an intire 
Cirdl. And fuch a 8 as is intirely * 
2 ible 
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ſible in one Year, or half of a Year, (in which 
ſpace of time the whole change of the inclina- 
tion of the Axis of the Earth is finiſhed,) will in 
a ſeries of Years become ſenſible; being made 
perpetually the ſame way. On the account 
therefore of the Figure of the Earth, the Equi- 
noctial Points go backwards, and the Axis of 
the Farth every Year changes its inclination to 
che Ecliptic twice, and twice returns to its for- 
mer ſituation 9.E. D. TY | 


PROPOSITION LXV.. * Fav | 
HE common Center of Gravity of the Sun and 
all the Planets and Comets is at reſt ; and it 


therefore may be takew for the Center of the Solar Sy- 
ſtem, and even of the World it ſelf. 


It has been demonſtrated by the Philoſophers 
mention d in Prop. o. that the commonCenter of 
Gravity does not change its ſtate of motion or 
reſt, by the actions of the Bodies upon one ano- 
ther; but that the Law of a Syſtem of Bodies is 
the fame with that of a ſingle Body, as. to their 
continuance in the faid ſtate ; ſince the progreſ- 
ſive motion of bath is to be eſtimated by the mo- 
tion of the Center of Gravity. The common Cen- 
ter therefore of the SolarSyſtem is either at reſt, 
or moves unitormly- forward; for excluding all 
external Force, this is the ſtate of a ſolitary 
Body. Now, the lattet can't be afferred, ſince 
of the ſurrounding Fix'd Stars ſome, would 
become _ nearer than formerly, and others 
more remote; and conſequently their ſituation 
and order in length of time would be ſenſibly 
changed, contrary to Obſervation. And ſince 
it has already been ſhewn, that the Sun, Planets, 
and Comets gravitate towards one another, and 
are therefore in continual motion, (only the 
common Center of Gravity remaining quiet, ) 
tis 
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tis evident that the movable Center of any one 
of them, cant be look d upon as the Center of 

the Solar / Syſtem, but the above- mention d im- 
movable common Center of Gravity. 

But if not an inviſible Point, as the above- 
mention d, but ſome conſiderable Body very 
near it, is to be looked upon for the Center of 
that Syſtem, it will be the Sun; becauſe that, 
by reaſon of the vaſt Quantity of Matter it con- 
tains in compariſon to the others, will ſcarce 
ever be ſenſibly diſtant from the common Cen- 
ter of Gravity above-mentioned. 

And further, if any Figure agree, and bounds 
be ſet, to the univerſal compages of Bodies (or 
to the World,) no other Syſtem more juſtly 
claims the middle of it, than our Solar; and 
therefore no other Center than that above de- 
termined, is agreeable to the Univerſe. Which 
was to be demonſtrated. 


—— — \ 
— — —— 


— 


"SECTION X. 


Concerning the Cauſes and Reaſon of the 
Motiont of the Planets affigned by Philo- 


FT Aving been deſcribing hicherts the Syſtem 

1 of the World, and that only in general, ſo 
far as was ſufficient for our purpoſe, and having 
explained the analogous cauſe of the Motions of 
the greater Bodies of the World, or rather the 
ſame, (as is moſt fitting, ) with that which we dai- 
ly experienotꝭ about us; namely the Gravity of 


* 
all Bodies towards all Bodies, whoſe Law is the 
ſame With chat of our Gravity, or of any other 

acural Virtue propagated along Right lines 
” K 3 con- 


N 


0 
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concurring in one Point; that is, having laid 
down the principal foundations of a Phyſi- 
cal Aſtronomy, regularity of Method requires 
us to conſider the Cauſes and Phyſical Reaſons 
of theſe ſame Effects as are aſſigned by others; 
and at the ſame time ſee, whether they ſolve the 
Phznomena, ſo well as thoſe explained before 
have done. But by the Cauſes we ſpeak of 
here, we do not underſtand the ultimate Cau- 
ſes, or ſuch as have no Cauſes of themſelves ; 
but ſuch as we experience about us, and can 
calculate their Forces, and Geometrically in- 
veſtigate their Properties, as we do of any other 
Quantities ; fuch as Light, to the conſideration 
of which, various Sciences, as Optics, Catop- 
trics, Dioptrics, owe their Original ; Gravity, 
the A ffections of which are confidered in Statics, 
and in almoſt all Mechanics: tho the Cultiva- 
tors of thoſe Sciences neither underſtood the 
ultimate Cauſes of Light or Gravity, nor will 
they do ſo hereafter, 

There are two other famous Sects of this Cœ- 
leſtial Philoſophy, that attempt to explain the 
Cauſes of the Motion of the Bodies of the Uni- 
verſe, the Keplerian, and the Cartefian ; As for 
that which brought in Solid Orbs, and faſten'd 
Intelligences to them to move them, there is 
no occaſion to take notice of it, ſince there is 
little of Philoſophy in it, and it has been ſuffi- 
ciently confuted by the Aſtronomers of the 
laft Age, We ſhall give an account of both 
theſe, and annex the Reaſons' why neither of 
them belongs to the Heavens, by ſhewthe that 
the Laus of Bodies moved as theſe Philofophers 
would have them,are not ſych as ate found to be 
obſerved by the Heavenly Bodies,” And firſt we 
Gall eren the ee FO Oe ts 
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| . IXVI. OCT 
Te 0 explain briefs the Subſtance of the Celeftial 
| Kepler, or the Cauſe and Reaſon, 


which 2 Ke r re why * Planets are 
carried im Orbis, abaut the Sun, 

This great Aſtronomer would have the Sun 
10 be a vaſt Body, made to move about an Axe 
given by Poſition, by the ;Gragring Power of the 

vine in the Things; and 
leſt this Motion ſhould languiſh by des gg on 
the account-of the ſluggiſhneſs of Matter 
it is conſtamly.maintained by the care js age 
the Creator, or of ſome Mind deſtin d to it: 
The ſame likewiſe he would have to be obſer- 
ved in the Earth, and the reſt of the Globes of 
the Univerſe. The Sun by this gy ration of his 
Body, carrying about the immateriated Species 
of its own Body thro' the vaſt Spaces of the 
World, carries about like a Leaver, at the ſame 
time, the Planets which are apprehended by this 
Species, This Species is the Virtue of the Sun 
emitted in Right lines thro the whole Mundane 
Space, which becauſe 1 it is che Species of a Body, 
is whicled-abourt. together with the Sun, like a 
rapid Vortex, running thro: the whole Mundane 
"vpace, with the. ſame ſwifcneſs as the Sun turns 
it ſelf about its Axis; and therefore carries along 
with it the Planet, ſwimming as it were in. this 
River. We are farther to take notice, that beides 
this Vector Force in the Sun, there is a natural 
uggiſhnel⸗ in the Planets to all Motion, by 
which they are inclined, by reaſon of their 
Matter, to continue in the place where they 
are. So that there is a conflict between the 

Vectory Power of ey Stin, and the i” 
K 4 ne 


\ 
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neſe of the Planet, ariſing from its Matter. 
Both have their ſhare in the Victory; the for- 
mer moves the Planet out of the place it was in; 
the latter in ſome meaſure diſengages its own, 
that is, the Planet's Body from the ſhackles it 
was laid under by the Sun, when apprehended 
ſome part or other of the circular Virtue ; 
namely by that, which immediately ſucceeds 
the part from Which the Planet had juſt diſen- 
gaped it ſelf. And becauſe this Virtue that car- 
ries along the Planer, and flows from the Sun's 
Body, has the ſame degrees of weakneſs at dif- 
ferent diſtanpes, as Light has; this Vectory Pow- 
er, like the Sums Inumination, decreaſes as the 
diſtance from the Sun increaſes: Wherefore it 
will carry a Planet placed at a greater diſtance 
from the Sun more ſlowly, and conſequently 
will make its Periodic Time, on this ſcore, great- 
er. Beſides, ſince a like Vectory Power is 
pagated from the Body of each Planet moving 
about its own Axis; this alſo will carry the ſe- 
condary Planets, which it finds in this River of 
its immateriared Vortex, after the ſame manner; 
and they will never leave their reſpective Pri- 
mary, becaufe they are carried by the Species 
of the Sun's Body about the Sun, as well as their 
Primary, and together with their Primary. And 
upon the ſimple-ſuppoſition of theſe things, tis 
evident that the Primary Planets would be car- 
. rjed abbut the Sun in Circles concentric to the 
Sum, in the Plane of a great Circle of the Sun 
25 exactly betwixt its Poles; and that the 


Secondary Planets would be carried after the 
ame manner abeur their Primary. 
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" PxoPosITION ILXVIL 


'Os explain bow Kepler deduces from theſe Pris. 

ples, that . the Periodic Times of the Planets 

wil be — 1 in the Seſ⸗ dialer Preportion of their 
_Orbits or Circles. 

Kepler was the firſt who obſerved that this Pro- 
portion held in the Caleſtial Bodies, to the no 
mall advantage of Aſtronomy and true Phyſics ; 
namely, that in the Revolution of the Primary 

Planets about the Sun, and of the Secondar 
you their reſpective Primary, the Squares che 
be e imes had the ſame Proportion as the 
the Semidiameters of their Orbits or 
| from the Sun; taking the Mean di- 
and ah Nene k from the Excentricity. 
r this he inferred from his own Principles 
after the following manner. Since the Vectory 
Power of the Sun, whereby the Planets are car- 
Tied about by the immateriaced Vortex or River 
of the Solar Species,) decreaſes like the Illumi- 
nation, the diſtance from. its fountain or the 
Sun increaſing; (that is, in the duplicate ratio of 
the diſtances,) and only exerciſes its Virtue * 
cording to one dimenſion, „ namely, in Len 
This Vectory Power in producing this Ty 
(namely, carrying the Planet — will be 
leſſen' d only in the ſimple ratio of the diſtance 
from the Sun increaſed: And ſince (by his Ar- 
chety pical Proportions) he makes the bulks of the 
Planetary Bodies to have the ſame ratio as their 
diſtances from the Sun ; the Vectory d of 
the dun, will employ equal Forces in t | 
ing round each Planet ; namely, fo much great- 
er on the acequnt of the greater ſize or ma 
Fain of the Planet, that the Moving Species li Shts 
upon, as the Movin Virtue i. in that diſtance is 
aden, and in che {a g ratio; namely of the 
diſtance 
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diſtance from the Sun. Again, induced by the 
Geometrical concinnity, he ſettles the Quantity 
of Matter in the Planets compared with one - 
nother, in the ſubduplicate ratio of the Bulk or 
Magnitude ; (and ſo the Denſit ns be in the 
ſame ſubd uplicate ratio of the 
rude reciprocally,) that is, as was ſaid t before, in 
__ ſibdaplicats ratio of the diftance from the 

Since therefore the Periodic Time in 2a Pla- 
net, that is more diſtant from the Sun, is t- 
GED a Planet that is nearer,” becaule the 
, (that is, the Orbit) is greater, — be- 
os e the Quantity of Matter to be tran 
is greater, (but in — reſpects equal, becauſe 
equal moving Forces are employed upon them, 
as was ſhewn ee 5 and ict ihe gretet tneſs of 
the Way is as the diſtance from the Sun, and 
the Quantity of Matter as the ſubduplicate of 
that diſtance ; on both cauſes conjoined, the Pe- 
Tiodic Time of the remoter Planet will be 
et, in the ratio compounded of theſe: But the 
ratio compounded of the ſimple and ſubdupli- 
cate, is the ſeſquialter or ſeſquiplicare : Where- 
fore the periodic Time of the remoter Planet 
will be — than that of the nearer, in the 
ſeſquiplicate ratio of the diſtances from the Sun; 
that is, the Squares of the Periodic Times are 
the Cubes of the diſtances from the Sun. 
things are to be underſtogd after the like 
manner concerning the 7. Planets re- 
volving abour cheir Primary. 


I Proz0srTION LAVUL - 1 
70 explain the Cauſes aſſigned by Kepler, ay 


the Orbits' of the Planets art Excemric. 
Huck each Planet is a Body * the 


f the Sun, ha one Hk 
Pody of c ving one part (like-2-Loud- hone) 


. 


ſtone) that is, friendly to the Sun, and the o- 
ther the quite contrary. In the converſjon of 
the Body of the Sun, this Virtue thereof, 
whereby it attracts or repels the Planer, accord-- 
ing as its friendly or contrary part is turn d 

to the Sun, is alſo turned about; juſt as in the 
converfion or turning a Load-ſtone round, the 
attractive or repelling Force is transferred to- 
ward different parts of the World. And when 
the Sun lays hold of a Planet by this Virtue of 

its Body, whether attracting or repelling, or 
acting dubiouſly between both, it ca it 
round along with —— it retains it both b 
attracting and by repelling it, and by retaining 
it, it cfirries ir Aer Each of our Load-ftones 
indeed has two Poles or Places of different Vir- 
tues, by the one of which, one Load-ftone at- 
tracts another after a certain direction; but by 
the other it repels the ſame. But in the Hea- 
vens things are ſornething otherwiſe. For the 
Sum poſſeſſes this active or energetic Faculty of 

attracting or repelling a Planet, not in this or 

that place or part, but in all the parts of its Bo- 4 

dy. Therefore it is probable,” that the Center 

of the Body of the Sun anſwerz to one extremi- 

ty, place, or pole of the Load-ſtone; and the 

whole ſarface to the other; ſince it attracts or 

repels a Planet according to a certain direction, 

not by this or that place on its ſurface or part 

of its Body, but by the Whole. 

Theſe things being thus ſettled, tis evident, 

that the Body of the Planet will not be carried 

about the Sun at the ſame diſtance from the 

Sun, every Where; but while it turns [ Fig. 58. 

is friendly part ky Sun, it will come nearer 

to the Sun, til the Right lines drawn accord- 


ing to the direction of this part, ( that is, the 
Eidres along which/this aer dire Vite is pro. 
9 = £ N og Bros pagared 


- 
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pagated from the Sun, )being almoſt every where 
parallel to themſelves, are no more inclined to 
the Sun, but a Right line drawn from the Sun 
to the Planet becomes a perpendicular to theſe 
Fibres ;. in which caſe, ſince the Sun does at- 
tract no longer, the effect of the attraction, 
(namely, the acceſs of the Planet towards the 
Sun) will ceaſe, and the Planet will chen be 
in its neareſt approach to the Sun or in its Peri- 
helion. The Planet being ſtill carried about, by 
the above-deſcribed Vectory Power of the Sun, 
its unfriendly part, or that which ſhuns the 
Sun, will by little and little be directed to- 
wards the Sun, and hereupon the Planet will be 
continually repelled from the Sun; and that 
will be continued till neither of theſe parts or 
places be inclined towards the Sun, but a Right 
line connecting the Sun and Planet, would again 
become perpendicular to the Fibres, of the V; ir- 
tue; and then the Planet will be found in its 
Aphelion, becauſe at the greateſt diſtance, that 
the repelling force of the Sun can remove the 
Planet to, while it is carried about. And the 
Planet being librated by theſe Fibres, fo as to 
be attracted by the Sun in one part of its Orbit, 
and repelled by it in the other, deſcribes an 
Orbit about the Sun indeed, but not about it 
as its, Center; but Excentric to thę Sun. Again, 
becauſe the Species of the dun; Body, commu- 
is thinner, and 


, 
- 


Lantinuing the; ſame, the Celerity of the Planet 
is lellen d, in the ſame ratio with the conſtipa- 
n | t10N 


f 
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tion and denſity of the Vectory Power of the 
Sun; that is, reciprocally as the diſtance from 
the dun. Farther, the Virtue of the Sun that at- 
tracts and propels the Planet iſſuing along vir- 
tuous lines proceeding from the Center of the 
Sun, and going round together with the Sun, 
has its ſtrength proportional to the Co- ſine of the 
Angle, made by the Radius of the Sun and the 
Fibre that admits the Solar Virtue into the Pla- 
net: And therefore this Excentric Orbit will 
not be a perfect Circle, but an Ellipſe, narrow- 
er and more depreſs d on the ſides, and having 
the Sun for one of the Foci. 

Now, from the fame Principles he ſhews, that 
the Ellipſe i is deſcribed about the Sun in the Fo- 


a in ſuch a manner as that equal Areas are | 


ibed in equal Times, by a Radius drawn to 
the Syn, which he calls che Vecter; and univer- 
ſally, that the Areas, which this ſame Radius 
ſweeps over, are proportional to the Times 
wherein they are deſcribed. _ 

Bur ſince theſe libratory Fibres, by the help of 
which the Planets-are-librated upwards, always 
continue as it were parallel to themſelves whilethe 
Planet is carried intirely round, and (by what was 
ſhewn before is ſo ĩnclined in reſpect of the whole 
Univerſe, as that the line of the Apſides of each 
* is r to thoſe Fibres, which 
. laced either in the plane of the Orbit, or 

e Planet, or in a ſituation parallel to it; 
* ſince the Axis of no Primary Planet, about 


— 


which it is turn d as it were by a diurnal Mo- 
tion, has this Poſition, and no other Line but 


this Axis, and Right lines parallel to it, can 
kee 


the fame ſuuation in regard of the Uni- 
„if the intire Globe of the Planet be ſolid 
and united; tis evident that Kepler was obliged 
to ſuppoſe within this exterior Cruſt of the Pla. 


net, 


r 
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net, (whoſe Axis keeps a given Poſition, name- 
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Iy, that about which the Planet is turn'd in irs 
iurnal Motion,) a Globe intirely ſeparate and 
divided from this Cruſt, and no ways yielding 
to its Diurnal Motion, whoſe Axis and Right 
lines parallel to it may ſuſtain the Places 
of the ſaid Libratory Fibres, and conſerve the 
Poſition neceſſary to this purpoſe deſcribed a- 
bove ; while the exterior Cruſt, according to 
the nature of each Planet, revolves by a Diur- 


nal Motion peculiar to it felt. 


ProPosITION LXIX. +, 

O explain the Cauſes aſſigned by Kepler, why 
the.Orbits of the Planets are inclined to th 
Ecliptic. eee arg 
In this Keplerian Phyſics, which we are now 
upon, if there were no Fibres: (ſuch as we de- 
ſcribed in the preceding Propoſition) in the Pla- 
by which they are librated upwards; orif 
theſe Fibres turned their fide to the Sun ; that 
is, neither that part which was friendly to the 
Sun, nor that part which was the contrary ; 
each Planet remaining at the ſame diſtance 
from the Sun, would deſcribe a perfect Circle 
concentric with the Sun. After the Hke man- 
ner, all the Planets (being ated upon only by 
Forces ariſing from hence) would go round in 
the ſame Plane in an uniform and direct Stteam 
as it were, in the middle of the Channel, (or in 
2 Circle lying exactly between the Poles of the 
Revolution of the Sun, called by him the Vie Regie, 
or Royal Way.) But becauſe they wander variou- 
fly on this or that fide of the Na Regi Cauſe 


of this Effect muſt be ſome what like that, where · 
by a Ship under fail is thraft to one ſide of the 
line, according to which it would have been 
moved by the Wind alone, namely, by an rf 
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Id obliquely to the Stern, or by the Rud- 
* kept in an oblique poſition. In each Planet 
there are Fibres (which he calls from their Of- 
fice, the Fibres of Latitude) always placed in the 
Plane of its Orbit, or parallel to it, and which 
remain always parallel to themſelves in every 
converſion or motion of the Planet; fo that 
when a Planet is in a Node or common in- 
terſection of the Plane of the Va Regia, with 
the Plane of the Orbit, the middle of the Fibre 
of Latitude that paſſes thro the Center of the 
Planet, touches the Orbit; and therefore at e- 
very one of theſe Fibres, one part towards one 
ſide of the Va Regia, the other part towards 
the other ſide, ſtands without that Plane, incli- 
ned to it at the. ſame Angle, as the Orbic of 
the Planet is to the V7 Regia. When therefore 
the Species of the Sun's y meets with that 
half of the Fibre, which is behind and ſtands 
upwards, it will impel the Planet that way, as 
the half, which is foremoſt, tends towards; that 
is, according to the Plane of the Orbit proper 
to that Planet: But fince theſe Fibres of Lati - 
tude continue in a poſition Ulel to them- 
ſelves thro! the whole Revolution, hence it 
comes to paſs, that in a Planet placed in its 
Limit or greateſt diſtance from the 73a Regia, 
neither extremity of the Fibres go foremoſt, but 
the Fibres directed as it were towards the bot- 
tom of this River, (that ĩs, towards the Sun,) and 
receiving the impulſe on its fide directly oppo- 
ſed to ĩt, giye no cauſe for an ejection farther any 
way; till a change be made in theſe points of 
the Limits, ſo as that the extremity of the Fibres, 
which went foremoſt. before the arrival of the 
Planet to the Limit, may now go behind, the 
other going. before; and for that reaſon the 
Planet may begin to approach again Wen 
| | the 
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the Via Regis. For inſtead of the Power of 
the Rudder in a Ship, there is in the Planet a- 
nother Force of the Fibres much more ſuita- 
ble; becauſe, as the Libratory Fibres have 3 
natural Power to retain a parallel ſituation in 
the tranſportation of the Body, fo alfo there is 
in the Fibres of Latitude, beſides a like Power 
of retaining a parallel ſituation, another naru- 
ral Power of agility, or of preſerving the ſame 
Line, and of deriving according to the direQi- 
on of it, a Motion impreſsd upon themſelves, 
ſo far as the Motion tends the fame way with 
that other extreme of the Fibre.  Becaufe theſe 
Fibres of Latitnde are entirely different 'from 
the Fibres deſcribed above, by which the Sun 
attracts or repels a Planet, as well in regard of 
their nature and office, as in reſpect to their 
ſituation ; for the Fibres of Latitude are every 
where parallel to a Right line touching the Or- 
bit at the Node in the Via Regia: But thoſe 
others (by preced. Prop.) are parallel to a Right 
Line, which is a Tangent to the Orbit in the 
Aphelium: Theſe Fibres, according to Kepler, 
ought to be found in different Bodies, ſmnce (in 
Kepler's judgment) the Apſides go forward, and 
the Nodes go backward, tho it be but ſlowly 
in the Primary Planets ; and tis certain that the 
fame happens in the Secondary Wherefore, 
beſides an exterior Cruſt furniſhed with Fibres, 
by which the Axis, about which the Planet re- 
volves by its Diufnal Motion, is kept parallel 
to it ſelf in its whole circuit abòut the Sun, he 
found ir neceſſary to ſuppoſe an interior Cruſt 
(which might be like a Nucleus, in regard of the 

exterior, ) intirely ſeparate from the — 
agitated by other Forces; in Which there are 
Fibres, by which the Planet may be librated 
ypward and downwards : And within this Nu- 
cleus, 
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cleus, or rather Cruſt, he is forced to ſuppoſe 
again another interior Nucleus ſeparate from 
the former middle one, and having a different 
Period, in which the Fibres of Latitude are ex- 
panded ; ſince it is impoſſible that theſe diffe- 
rent Fibres having different Periods, ſhould be 
ſpread in one and the ſame Solid. 


ProPosITION LXX. 
T 0 2 out and refute very briefly the miſtakes 
that are to be found in the Keplerian Celeſt i- 
al Phyſics explain'd above. 

Tho we undertake to oppoſe Kepler's Cele- 
ſtial Phyſics, yet we don't do it with ſuch a 
remper, as if we rank'd him a Perſon, whoſe 
Fame will be Immortal among the common Sy- 
ſtem-makers or hunters after Phyſical Cauſes. 
For he was ſo far from this, that on the con- 
trary, he is the only Man ( excepting perhaps 
ſome of the Ancients, as Pythagoras, &c.) who 
has treated of theCeleſtial Phyſics in a Mathema- 
tical manner. His Archetypical Ratios, Geometri- 
cal Concinnities,and Harmonic Proportions, ſhewſuch 
a force of Genius as is not to be found in any 
of the Writers of Phyſical Aſtronomy before 
him: So that Feremiab Horox, à very competent 
judge of theſe matters, tho' a little averſe to 
Kepler in the beginning of his Aſtronomical Stu- 
dies, after having in vain tried others, entirely 
falling in with Kepler's Doctrine and Phyſical 
Reaſons, thus addreſſes his Reader, Kepler is 4 
Perſon whom I may juſtly admire above all Mortals 
befide ; I may call bim Great, Divine, or even ſome- 
thing more; Kepler is to be valu d above the 
whole Tribe of Philoſophers. Him alone let the Bards 
Sing of----, Him let the Philoſophers Read ; 
being ſatisfy d of this, that be who has Kepler, bas 


all Things. 
% - 3 For 
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For what greater, or more, like ſomething Di- 
vine, could happen to a Mortal in this matter, 
than by theſe Harmonic Speculations, exactly to 
determine the proportion of the Orbits of the 
Planets; than to be the firſt that ſhould find out 
the true way of the Planet about the Sun(name- 
ly the Elliptic; ) and laſtly, than to ſhew the 
true manner of a Planet's Motion in this way ; 
wviz. that by a Radius drawn to the Center of 
the Sun, placed in the Focus of the Ellipſe, it 
deſcribes Areas proportional to the Times ? But 
there are ſome things which I can't approve of 
in Kepler's Mechanical cauſe of theſe Motions, 
and they are theſe following. 

1. If neither the Friendly nor the 
part of the Planet be turned to the „or 
if the Planet (on the account of the weak - 
neſs of the Fibres, whereby it is librated npwards 
and downwards) be ſo diſpoſed, as neither to be 
attracted or repelled by the Sun, (as it happens 
in Venus, according to Kepler's judgmentz) then 
he would have it, that the Planet deſcribes a 
perfect Circle, by the Species of the Sun which 
is carried about; whereas tis certain, that a Bo- 
dy which is not urged by a Force tending to a 
Center, will not deſcribe a Circle, but a Right 
line. Since therefore the Orbits of Planets are 
Circular even in this caſe, tis evident that they 
are i by ſome other 


impelled cowards a Center 
Force, beſides that which ariſes from the obvert- 

ing the Friendly part. | 
2. During the Planet's aſcent from the Peri- 
helium to the Aphelium, that part which is Un- 
friendly is turned to the Sun, and conſequent- 
ly is repelled from the Sun, and in this caſe it is 
urged only by that Force, which is directed a- 
long the Line that connects the Sun and Pla- 
net. But tis well known in Mechanics, — a 
MY Planet 
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Planet acted upon 


this Force alone, would 
be ſo far from deſcribing an Ellipſe, having the 
Sun for a Focus, that on the , it would 
deſcribe a Curve convex towards the Sun. 
fore a Planet, whoſe Orbit is an Ellipſe, 
having the Sun for a F muſt neceſſarily 
be urged, even in its aſcent from the Sun, from 
the Perihelium to the Aphelium, by a Force 
tending to the Sun, ſince an Ellipſe is concave 
towards both Foci. Kepler therefore,muſt be ve- 
ry much out of the way, when he would have a 
Planet repelłd by the Sun, in its aſcent to the 
Aphelium, or when he would have a Planer nei- 
ther attracted nor repelled, when it deſcribes a 
perfect Circle about the Sun concentric to it : 
For unleſs in both caſes it be attracted or other- 
wiſe impelled towards the Sun, it will not de- 
| ſcribe a Curve concave towards it: For it can't 


Sun; and that their Denſities are reciprocally 


as the Square Roots of their itudes. From 
whence it follows, that the Quantity of Matter 
in the Planets is directly as the Square Root of 
their diſtances from the Sun: Becauſe the quan- 
tity of Matter is as the Magnitude and Denſity 
conjunctiy. But every Body knows that Mars is 
leſs in bulk than Venus, which notwithſtanding 

ought to be as big again asVenus, according to 
Kepler's reaſoning z becauſe diſtant as far again 
from the Sun. Obſervation informs us, that 
the Globe of Jupiter is bigger than Saturn, tho 
it ought by the aforeſaid Rule to be as little a- 
L 2 gain. 
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gain. Notwithſtanding he might deduce from 
the things that he knew, and firſt diſcovered, 
(namely, that the Path of a Planer isthe Perime- 
ter of an Ellipſe, one of whoſe Focus's is in the 
Center of the Sun, which it ſo deſcribes, as 
that its Radius that carries it, ſweeps Ateas pro- 
portional to the Times,) without the conſidera- 
tion of the Magnitude and Denſity of the Pla- 
net, that the Periodic Times of the Planets 
fevolution about a common Center, are in the 
ſeſquiplicate ratio of their greater Axes, or 
mean diſtances from the Sun. But it is pro- 
bable that Kepler deduced the Proportion of the 
Planetary Orbits, and their Number, from the 
intervals neceſſary for the interpoſition of five 
regular Bodies; and that he afrerwards affigned 
to them ſuch Magnitudes and Denſities, as he 
could draw this fame proportion from by ano- 
ther Method. hace gh ps. 1 

4. Not to ſpeak of his Virtue, which has too 
little of Mechaniſm, and too great an affinity 
to an Animal Power, which he gives to the 
Fibres of Libration and Latitude in the Planets; 
(to the latter, natural power of Agility, but to 
the former, in one part, an inclination towards 
the whole Body of the Sun; in the other, a 
flight from it;) and the diviſion ariſing from 
hence, of every Planet into a Shell, and a Kernel 
ſeparate from the Shell, and librated in its ca- 
vity, in a different Period, and in ſome another 
Nucleus within the former. 

Not to mention, I ſay, theſe things, which 
have but little of Mechanics in them, and fo- 
reign to the Method which Nature uſes, Kep- 
ler's Syſtem about the manner of the Sun's car- 
ry ing round, attracting, or repelling the Pla- 
nets, is founded upon what is contrary to one of 
the chief Laws of Nature and Motion, hereby 
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care is taken that there be a Reaction always 
contrary and equal to any Action. For accord- 
ing to Kepler, in Epit. Book IV. This Virtue of 
Expulfion and Attraction is not in the Planets them- 
ſelves, but in the Sun only. And tho' the attracłory 
and repulſory Power of the Sun be extended to, and af. 
fect the Planets, get like power of a Planet does not 
reach to the Sun and affect it. For were it ſo, he 
confeſſes, that the Sun old be moved, out of the 
Place it bas in the Center of Phe World, by the Planets, 
in the 9 ratio of the Bbdies; or at leaft it 
ought to'titubate or reel as it were, being ſometimes 
atiratted"more"this way, ſontetimes more that way, 
according as more Planets happen to come together on 
the ſame ſide of the Sun, having fimilar Powers. Baut n 
this he entirely gets rid of, by denying a mutu- 
al attraction. Kepler here had forgot the true 
Doctrine of Gravity, that he had laid down a- 
bout xx Years before, in his Introduction to bis 
Commentaries upon Mars, built upon theſe Axioms: 
That Gravity is a mutual affeftion of union or con- 
junct ion in Bodies that are a-kin to one another. That 
two Bodies, if they are not bindered, will meet in 
the intermediate Space, each having moved one to- 
wards the other a length reciprocally proportional to the 
magnitude of the other : So that if the Moon and 
Earth were not retain d each in their Circuit, the 
Earth would aſcend towards the Moon the Fiſty fourth 
part of the diſtance betweeen them ; and the Moon 
would deſcend towards the Earth about Fifty three 
parts of the interval, and they would both meet there; 
ſuppoſing the ſub ance of both to be of the ſame den- 
ſity. That the Moon draws up the Waters of the Ter- 
reſtrial Globe, from whence ariſes a flux, where 
the Channels of the Ocean are broadeſt, and afford 
room for a reciprocation. And if the Earth (hould 
ceaſe to attract towards it ſelf its own fluids, the Wa- 
ter of the Sea would be raiſed and flow towards the 
| L 3 Moon. 
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Meon. Nor did he fear himſelf, anſwering the 
difficulties above-mentioned, about the titubati- 
on of the Sun, and its removal out of the Cen- 
ter of the World; where he ſpeaks after the fol- 
lowing manner : " For ſo eat is the bulk, ſo great 
the denſity of the Matter of the Body of the. 7 ; nd 
ſo great the attractive and r e tf ive Virtue 
the contrary, ſuch is the ſmaline 
and its renitence, that the Sun is in _ 
in br Þ out of its place. 

rom what has en deliver's, * tis evident, 


how near this great Philoſopher and Aſtrono- 
mer was, to the finding out the true Cœleſtial 


* 


Phyſics, (who even in Epit. Aftran. 5-1. 
had ſaid, As the Sun * the Planet, ſo the 
Earth attraBs Bodies ; on the account which at- 
tract ien, the Bodies are 7. aid to be beat, and how 


much he has given in this matter, and 
how rightly he Propheſied, when he faid, The 
true Cauſes, Duantities, and Directions of the Moti 
ons of rhe Apfides and Nodes of the Planets, and other 
matters of this kind, remain in the Pande&s of the 
following Age, not 10 be under ſtood before the Divine 
Being, the diſpoſer of Times and Seaſons, * ä 
this Book to Mortals. 

„ PREOPOSITIOR IXI. 

O explain briefly and ſummarily the Carteſian 
Celeſtial Phyſics, or the Canſe "= Reaſon, why 
the Planets are carried rand the San, which Rena- 
tus des Cartes invented. - 
Such as have endeavored to find out the 
Phyſical Cauſes of the Cœleſtial Motions, have 
all of them ſought them in the Sun. For the 
Rotation of — Sun in his Space about an im- 
movable Axis, the ſame way that all the Plane 
take and follow in, and that in a ſhorter Peri- 
od than that of Mercury,whichiis the neareſt to 
— every wu 3 in a er K 
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as it is farther from the Sun; and the Rotation 
of the Primary Planets about their proper Axes ; 
and of the Ser again about theſe Primary, 
juſt as thoſe Primary revolve about the Sun; 
all towards the ſame coaſt of the Heavens, and 
almoſt in the ſame Plane, have the higheſt 
degree of probability. And thefe Phznome- 
na do plainly beſpeak, either that all this 
motion of the Primary Planets ariſes from the 
| Sun's motion, or at leaſt, that both of them de- 
pend- upon one common Caufe. Hence it 
came about, that ſeveral Philoſophers thought 
the Planets were carried by the Archer, whirl'd 
about the Sum by a Vortex or Whirl-pool ; and 
that long before Cartes, or even Epicurus's Time. 
Bur Kepler, who was better acquainted with 
the motions of the Stars, ſaw well enough that 
they could not be carried about by any mate- 
rial Vortices: For if the Planets ſwimming in 
the Matter of the Vortex, and as it were at reſt 
in it, were carried about together with the parts 
of the Vortex, he ſaw that they would deſcribe 
perfect Circles, and have other periods in re- 
gard of their diſtances from the Center, than 
we find by Obſervation agree to them. He 
therefore rather choſe to ſubſtitute the immate- 
riated Species of the Sun's Body, inſtead of Mat- 
ter whirl'd about like a Vortex, yet calling it by 
the name of the Celeftial Vortex and River. But 
afterwards Cartes, making light and taking no 
notice of theſe niceties and Aſtronomical 
Obſervations, and being reſolved to frame a 
World, brought in Vortices again; together 
with a popular way of repreſenting the mori- 
ons of the Stars. And tho Vortices were intro- 
duced into the Heavens by others before Cartes, 
and have been made uſe of by others ſince him, 
and preſſed into other ſervice, yet they retain 

| L 4 Cartes's 
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Cartes Name. We ſhall therefore briefly de- 
ſcribe this Syſtem, ſo far as ſerves our purpoſe, 
in Cartes's Words, out of the Third Part of bis 
Principles of Philcfophy. | | 
Cartes ſuppoſes then, That all the Matter of 
which the viſible World is made, was, 'in the 
beginning of Things, divided by God into Par- 
ticles very nearly equal, of a moderate ſize, and 
equally moved, not only each about its pro- 
per Center, and W N from one another, 
ſo as to compoſe a Fluid; 
ſome other points, in like manner remote from 
one another, and ſo they compoſed various Vor- 
tices. Afterwards he reſolves theſe equal Par- 
ticles, worn a little by their inteſtine motion, 
into Globules of different Sizes, all which he 
calls Particles of the ſecond Element, and a part 
of a Fluid form'd out of the irregular minute 
parts rubbed off from the corners of the Glo- 
bules, and moved always with a very great ra- 
pidity, he calls the Matter of the firſt Element. 
Now, there being more of this fort of Matter 
than was neceſſary to fill up the interſtices of 
the Globules, what remained was thruſt down 
towards the Center by theſe Globules receding 
from their Center, by reaſon of their circular 
motion, and being there collected into a Sphe- 
rical Body, conſtitutes the Body of the Sun in 
the Center of each Vortex. Beſides this equal 
Motion i mpreſſed originally upon theſe Parti- 
cles, about the Center of the Vortex, the Sun, juſt 
form'd in the center of the Vortex, and revolving 
about irs own Axis the ſame way with the reſt of 
the Matter of the Vortex, and always emitting 
ſome of it ſelf along the narrow paſlages that are 
within the Globules of the ſecond Element to- 
wards theEcliptic,or Circle lying juſt in the mid- 
dle berween the Poles, (receiving as much I 12 
; | Oles 


ut ſeveral alſo about 
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Poles from the neighbouring Vortices, as it e- 
mits,) has a power of carrying thoſe Globules 
along with it ; thoſe nearer, quicker, but thoſe 
farther off, ſlower. ' But ſince theſe lower Glo- 
bules of Cceleftial Matter move quicker than 
the ſuperior ones, they ought alſo to be leſs. 
For if they were greater or equal, they would 
upon that account have more Forces, and there- 
fore would become uppermoſt by their centri- 
fugal Force. And all theſe particulars will be 
the ſame in any Vortex whatever, within cer- 
tain limits, beyond which the upper Globules 
are moved quicker than the lower, being as to 
their Sizes equal. Theſe limits in the Solar 
Vortex he places about the Orb of Saturn, or 
a little beyond. 

. Theſe things being ſuppoſed, if any Star, 
which being placed in the center of its Vortex, 
does the office of a Sun, ſhould happen to be 
covered with Spots, and by that means weak- 
ened fo as to be overcome and carried along by 
the neighbouring Vortex of the Sun; if this 
Star be bur capable of a leſs degree of agitation, 
or have leſs ſolidity than the Globules of the 
ſecond Element that are near the circumference 
of our Vortex, yet ſomething more than ſome 
of thoſe which are nearer the Sun; we are to 
underſtand that this Star, ſo ſoon as tis arrived 
into the Vortex of the Sun, ought to deſcend 
continually towards its Center, till ic arrive to 
ſach Cœleſtial Globules as it is equal to in ſoli- 
dity or aptitude to perſevere in its motion a- 
long Right lines. And when it has at laſt got 
thicher, it will neither approach nearer to the 
Sun, nor yet farther off from it, unleſs it be 
ſomething propelled from thence, by ſome o- 
ther Cauſes afterwards to be related: But being 
in equilibrio with thoſe Caleſtial Globules, will 
NS 9 5 re volte 
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revolve about the Sun with them, and become 
a Planet. Every one of them therefore is at reſt, 
in that part of the Heaven where it is; and all 
the variation of ſituation obſerved in them, only 
ariſe from the motion of the matter of Heavens 
DS + yp ag contains os pas on, to this 
m then, us imagin- 

ing the S X at preſent the — 
Vortex of the Sun is contained, to be at firſt di- 
vided into ſeventeen or more Vortices; and that 
they were ſo diſpoſed, that the Stars, which 
they had in their Centers, were by little and 
little at length covered with ſeveral Spots, and 
then theſe deſtroy d by other Vortices, the 
one quicker, the other ſlower, according to 
their different ſituation. So that ſince theſe 
four, in whoſe Centers were the Sun, the Earth, 
Jupiter, and Saturn, were bigger than the reſt, 
the Stars which were in the Centers of the five 
leſſer that ſtood about Saturn, deſcended to- 
wards Saturn; and thoſe in the Centers of four 
others about Jupiter, towards Jupiter; in like 
manner the Moon near the Earth, towards the 
Earth: Afterwards Mercury, Venus, the Earth, 
with the Moon, and Mars, (each of which Stars 
alſo formerly, had a Vortex, ) towards the Sun; 
and at length Jupiter and Saturn, together with 
the leſſer Stars about them, ſunk together towards 
the Sun, much greater than themſelves, after 
their own Vortices were deſtroyed: But the 
Stars of the other Vortices, if they were ever 
more than ſeventeen in this Space, paſs d a- 
way into Comets, moving almoſt in a Right 
line out of one Vortex into another, and 
never returning. So that now, ſince we ſee the 
Primary Planets carried at different diſtances 
from the Sun, we are to judge, that this hap- 
pened, becauſe the ſolidity of ſuch of them as 
are 


7 10 
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are nearer the Sun, is leſs than that of thoſe that 
are farther off: And chat from hence it came to 
paſs, that the ſame part of the Moon is turn- 
ed towards the Earth, or at leaſt does not defect 
much from it, becauſe its other part, which is 
tyrned from the Earth, is ſomething more ſolid, 
therefore in moving-round the Earth ought to 
deſcribe a greater compaſs. And ſince we ſee 
the inferior of thoſe - higher Planets to move 
round quicker, we ſtill judge it to ariſe from 
hence, that the Matter of the firſt Element, 
which compoſes the Sun, by whirling round 
very rapidly, carries along with it the nearer 
parts of the Heaven, and the Planets ſwimming 
in them, which are there relatively at reſt, bet- 
ter than the more remote. Jupiter,the Earth, ccc 
revolve about their own Axes, becauſe they 
were formerly lucid Stars placed in the Centers 
of ſome Vortices, and no doubt gyrating there like 
our Sun, and even now the Matter of the firſt 


Element collated in the Centers of them, ſtill re- 
tains the ſame Motion, and impels them. 
Laſtly, we are not to think that all the Cen- 


ters of the Planets are always accurately in the 
ſame 


Plane, nor the Circles they deſcribe per- 
fect and compleat : But, as we ſee it happens 
in all other natural things, only 232 and 
in time perpetually changing. For ſince all 
the Bodies that are in the Univerſe, are conti- 
guous, and act upon one another, the motion 
of each depends upon the motion of all the reſt, 
and is therefore varied innumerable ways. On 
which account we find, that tho all the Planets 
affect a Cireular Motion. yet none of them ever 
deſcribe Circular ones; but always err ſomething 
from them, both in Longicude and Latitude. 


. 


ro- 


3 
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PROPOSsSITIOR LXXII. LEMMA. — 
F two Bodies revolve about the ſame Axe, inthe 
ſame diſt ance' from the Axe, and to other Badies 
likewiſe in any other diſtance; I ſay, the ratio of the 
difference of the Angular Motion of the former Bodies, 
to the difference of the Angular Motion of the latter, 
is compounded of the ratio of the tranſlation of the for- 
mer Bodies from one another, to the tranſlation of the 
latter Bodies one another, and of the ratio of the 
diſtance of the latter from the Axe, to the diſtance of 
the former from the ſame. 
The Angular Motion is that by which the 
Angle is formed at the Axe about which a mo- 
tion is: Hereupon they are ſaid to have the ſame 
or equal Angular motion, that being placed ac 
any unequal diſtance from the Axe, make equal 
Angles at the Axe, in the ſame or equal Times: 
And the difference of the Angular: Motions is 
the difference of the Angles formed at the Axe 
in the ſame Time by the Bodies. | 
At the ſame diſtance from S [ Fig. 59;].the 
Axis of Motion, let there be two contiguous 
Bodies A and B; likewiſe two others C and D. 
Let them afterwards be moved any how, and ſe- 
parated from one another; namely, A in , 
and in the ſame time B in , C in , and D in J. 
"Tis evident (from Prop. 33. Elem. 6.) that the. 
difference of the Angular Motions of the two Bo- 
dies A and B, (namely the Angle 4 S g)1s to the 
difference of the Angular Motion of the two o- 
ther C and D (that is, the Angle 45 5) as the 
tranſlation of the two former from one another, 
(or the way, whereby the one is transferred from 
the other, namely 4 ,) to y, the tranſla- 
tion of the two latter; that is, if the diſtances 
are equal, the tranſlations are as the differences 
of the Angular Motions. Again, if at any un- 
equal diſtances from the Axe 5, the two conti- 
guous 
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guous Bodies A and B, and the two others E 

and E, be ſo moved into the places «, g and «, 9, 

that the differences of the Angular Motions 

(viz. the Angles « $ f, 8 6) be equal; then will 1 
(by Prop. 33. El. 6.) the Tranſlations 4 f, e, be [is 
as the diſtances S A, S E. And therefore (by 1 
Prop. 23. Elem. 6.) if neither the diſtances from 

the Axis, nor the differences of Angular Motion 

be equal, the ratio of the Tranſlations will be f 
compounded of the ratio of the differences of 6 | 
the Angular Motions, and of the ratio of the 


diſtances from the Axis: And therefore (taking 
away from both ſides the ratio of che diſtances 
from the Axe,) the ratio of the differences of 
the Angular Motion is compounded of tt e di- 
rect ratio of the tranſlations of the Bodies from 
one another, and the reciprocal ratio of che di- 


ſtances from the Axis of Motion. Q. E. D. 


PRoPOSITION LXXIII. L EMMA. 


F the Curve DCE (Fig. 6 be ſo related towards 
the Right line A E produced infinitely towards E, 
that a Perpendicular C B, let fall from any point of 
the Curve to A E, is reciprocally as the Cube of the 
Right line A B, intercepted between B and A a point 
Fr in the Right line E A, the infinite ſpace B G 
% © page! between the Right lines CB, BE, 
and the Curve CE, will be reciprocally as the Square 
of the Right line AB. 


Call 4B, x; BC, : and becauſe y is as 5 


4 I 2 ; 
then will = drawn into a certain conſtant 


or invariable Quantity; let that be a+, that the 
Law of Homogenity may be obſerved : that is, 
. | 


7 =— or / =4+ x-. And therefore, the ſum 


of 
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of all the y's (or the Flowing Quantity whoſe 
Flaxion is y, or its value a#x—* ) will be 
—+24x—* : That is, as is known to Geometers, 
the Area that lies on one fide of the Line BC, 


47 


namely the Area B CE E, is equal * 
And, becauſe 44 is a given quantity, the 
Area BCEE will be as == that is, reci- 


procally as the Square of the Right line 4 B: 
or the Area BCE E is to the Area bcEE, as 
4 t-o AB*. AE. D. 


ProPosITION LXXIV. Lemma. 

F two contiguons Bodies ſlide one upon the other, 
and the ſame be done in two other Bodies, preſſed 
the ſame Force as the former toward; one another; 

T ſay the impreſſion ma the friction of the former 
xpon one another, is to the like impreſſion of the latter, 
in a-ratio ed of the ratio of the tranſlation of 
the former to the tranſlation of the latter, and of the 
ratio of the Superficies, wherein the former touch one 
another, to the Superficies, wherein the latter touch one 
another; namely, ber ein the impreſſions are made. 
If the contiguous: Surfaces were perfectly 
ſmooth, there would be no impreſſion of the 
Bodies upon one another, while chey ſlide. Tis 
evilent that this ſuppoſition is very natural, that 
the reſiſtance ariſing from the d of ſmooth- 
neſs in the parts, is (other things being alike ) 
proportional to the Velocity whereby the parts 
are ſeparated from one another; that is, if the 
co N Surfaces are equal, that the reſiſtance 
and the impreſſion of the Bodies upon one ano- 
ther ariſing from thence, is proportional to the 
relative Velocity, or to what is in a given Time 
roportional to it, the tranſlation of the Bodies. 
ut if the Tranſlations or Veloci:ies 3 
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the pa 8 ted _ _ another) are 
equal, the or Impreſſions, are as the. 
Superficies wherein the Bodies two by two 
touch one another. 

And therefore, ſince neither the Superficies, 
nor Tranſlations are equal; tho' all the reſt are, 
(as the Force the Bodies towards one 
another, the want of Smoothneſs, & c.) the Impreſ- 
ſions which the Bodies two by. ewo make u 
one another, are in 2 rario compounded of the 
ous Surfaces, and of the 
tions from one another. 


ratio of the conti 
ratio of the 
9. E. D. 
ne LXXV. | 
F a ſolid S Sphere revolves in an uniform and in- 
Finite Fluid, about an Axe jou en by poſition, with 
an uniform Motion, and by the ſole impulſe of it 4 
Fluid be moved circularly, and each part is Flu- 
id perſevere ly in its motion; I ſay, the Pe 
riodic Times of the parts of the Fluid, are as the 
Squires of the wag at ac of the Center of the 


Let AEH[ .61.] repreſent a Sphere revol- 
g uniform [gr] repre S. 2238 


— Fluid of i Sphere ſpreading about every 
way, be conceived to be divided into innumera- 
ble concentric Orbs of the ſame thickneſs,every 
one of which confidered alone is Solid; let 
theſe be ex by the Circles BF K, cGL, 
DAMN, & r. — the Fluid thus divided is 
ſuppoſed to be 2 (that is, all its. 
parts equally compreſs dʒ ) the ĩimpreſſions of the 
contiguous Orbs upon one another (by the pre- 
ced. Lemma) are as their tranſlations from one 
another, and the contiguous Superficies in 
which the impreſſions are made conjunctiy. If 
the impreſſion upon any Orb is greater or Jeſs 
on the Concave part, than on the Convex . 
the 


* 


160 The ELEMENTS Bock J. 


the ſtronger Impreſſion will prevail, and either 
.accelerate or retard the velocity of the Orb, ac- 
cording as it is directed towards the ſame way 
with its Motion, or a contrary. Wherefore, ſince 
(by ſuppoſition ) a Fluid perſeveres uniform- 
ly in its motion, the Impreſſions made on both 
parts of each Orbit towards the contrary ways, 
are equal; and therefore the ratio which is equal 
to the ratio of the Impreſſions, (namely the ratio 
compounded of the ratio's of the tranſlations and 
contiguous Surfaces) is alſo a ratio of Equality. 
Conſequently the Tranſlations are reciprocally 
as the contiguous Superficies; that is, recipro- 
cally as the Squares of the diftances from the 
Center: But (by Prop. 72.) the differences of 
the Angular Motions are as the Tranflations di- 
realy, and the diſtances from the Center of 
Motion reciprocally : And therefore the ſaid 
differences of the Angular Motions of theſe con- 
_ centric Orbs, are reciprocally as the Squares of 
the diſtances from the Center, and reciprocally 
as the diſtances from the Center; that is, reci- 
procally as the Cubes of the diſtances from the 
Center conjunctly. If, therefore, upon all the 
points of the Right line S Z drawn from the 
Center, where the contiguous Superficics of the 
concentric Orbs cut that Line (namely, A, B, C, 
D, Cc.) perpendiculars to S Z be erected, A a, 
Bb, Ce, Da, &c. reciprocally ti to the 
Cubes of S 4, SB, SC, $ D, &c. theſe Ordi- 
nates will be reſpectively as the ſaid differences 
of the Angular Motions of the reſpective con- 
centric Orbs, and the ſum of theſe Ordinates, 
as the ſum of the ſaid differences; that is, (ſince 
the outmoſt or infinitely diſtant Orb is not 
moved at all,) as the whole Angular Motions. 


If now the thickneſs of thoſe Orts be leſſen d 
in infinitum (by which means the Medium 1 
N 0 
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round about becomes fo far uniformly fluid, ) the 
Sums of the” foreſaid Ordinates will becom 
the Areas 12 2, BZ b, CZ c, DZ doc. 4 
ſo the intire Angular Motions of the Orbs R K 
R, CG'L; DMN, &. are as the Areas B Z 
CZ DZ , &c. reſpectively. But in the Fi- 
gure AZ a, the Ordinates B, Ce; Dd, &c. 
are reciprocally as the Cubes of the Right lines 
SB, SC, S D, &. from hence (by Pry. IEP, 
the als Z'b, CZc,' DZ d, &c. ate reci- 


procally*as the Squares of the Right lines & E, 
Fc, SD., e. And therefore the Angular mio“ 

tions of the Orbs, BFR, CGE, DMH N, G. 
hre'reciproemly as the Squares of their Send: 
ameters 5 B, Se, S D, Gt. But the Peribdiè 
Times are retiprotally proportionat to the Ari 
gular motions: Therefore the Periodic Tithes 

of the Orbs FR, CGT, DM N, c&c.“ arb inn 
the direct (becaufe the reciprocal bf the inverſe) 
ratio of the Squares of their diſtances from their 
Center &; namely, of the Right lines 8 B, 805 
S Ca And therefore the Propoſition ig Erl 
dent, I the medium of the Spłiere circum̃fuſetl 
be:ſuppoſed to cnſiſt of innumerable thin Cons 
ceneficfolid'Orbs. But it there be ſuppoſed to 
be drawn a Vaſt number of ififnite Right lines 
making with the” Axis Angles mutualty exceed. 
ing one aother by equal excefles, and theſe 
Right nes being revolved ahdut te Axis, and de- 
ſcribitig Conie Superficies, Orbs be imagined cut 
into innumęrable Rings j ech theſe] ee 


have four others contiguous to it one inte nal. 
another external, and two lateral, cut out 6 
the ſame Orb. By reaſon of er OP 
interior- and etterior, the intermediate -Can'c 
be moved aHyv otherwiſe n . 
the Oths were cht? Tor dee the parts of the 
AaoworlP not pere vers in" tir motion wb. 
* 


ve 
M formly 
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formly ; but the middle one would be accelerated 
and retarded in their motion, (as was ſhewn be- 
fore in the intire Orbs,) contrary to the ſup- 
poſition. And therefore any ſeries of Rings 
going on directiy from the ſolid central Sphere 
in infinitum, comprehended between the 
two next Conic Superficies, will be moved af- 
ter the ſame manner as theſe were moved be- 
fore the diviſion of the Orbs into Rings; bating 
what hindrance each Ring in this Series meets 
with from the attridon of the Rings Tacerally, 
Bur here the attrition is nothing at all, — 
all the Rings equally diſtant the middie 
ſolid Sphere, (chat is, cut off from the fame Orb) 
are revolved in the ſame Time: For if it were 
not ſo, bu: thoſe which are towards the Poles, 
finiſhed their revolution quicker or flower than 
thoſe. which are towards the Circle that lies in 
middle berween the Poles ; the flower, by 
reaſon of the mutual attrition, would be quick- 
S 

d, contrary to uppoſition, w 
was, that the Fluid perſevered in its motion 
ormly. Since therefore the Periodic Time 
ar the ſame diſtance 
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_ If this. Vortex be not extended i be 
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Cirgles concentric with the central Globe, but 
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| | Here 2 * C ou ECT 10 5 7 
. 
Ho paint aut and vefute, ihgfew words, the Er- 
1 © rors committed in the above-deſcribed Carte- 

ſian, Phyſics. 35.6, 1- ng hoc wanted! - 2: 
. Since from tha preceding Prep. tis evident, 
that every Vortex made by a ſolid Sphere, 1e. 
volved uniformly about an M gien by Poſi- 
tion, will be. propagated an; innitùm, if not 
hintlred; if the: World was made up of fuck 
kind of Vortices, (as it is accord ing to Cartes 
Syſtem, ) there would be as many Vortices going 
forwards : in infleitioni,, as: there are Fd 
every one of which, (according to Cartes) like 
our Sun, makes à Vortex. Nor wduid thieſe 
Vortices be bounded by certain limits, bur 
creep on, and by little and lirtle: run into one 
das.” thy And, by this means, each part of the: 
infinite Fluid making up the Univerfe, would 
be agitated by that Motion which roſults from 
the actions of all the Central Spheres or Suns. 
But how foreign this uncertainty is, from that 
certain Order, Situation, and Motion of the 
Fixed Stars, which are firmly connected by a2 
very ſimple Calculus, let ſuch as are acquainted 
with Aſtronomy judgſeee. 
2. Further, becauſe the parts of the Vortex, 
generated in the manner above-deſcribed, that 
are nearer the Center, being( by the prece Prop.) 
moved quicker; urges the extetfor;” and co. 
ſtantly communicate Motion to: them by that 
action; and theſe exterior Partidles transfer at 
the ſame time the ſame quantity of Motion into 
others that are ſtill more exteriar j betauſe (by 
Hypotheſis) it is a condition of the Vortex, that 
each part of the Fluid perſevereſin i motion 
uniformly, and is not incited, ſomelimes more, 
ſometimes leg, in the ſameidiftance from the 
| c 0” Center: 
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Spivter N Widlent ce M pepe | 
ethane ek Crone 
rence o Kay a & ini 
nity of the Girc erence: © And” 9 5 
the conſertation p a AC: In the ſurme ftate: 
there is requit "Priyeiple, from 
which, che Cenitr aſticie {or Sun of that Vor- | 
rex) any ves eire 5 baden 0 
28 f preftes 0 atter * of 
Vortex, | But gen # whence thi 22 bans can 
et ſuch an active Principle fling in each 
un that myves the whole Vortex, T cannot fee; 
ſince Cant, himſelf, iti Phrop 460 third Part 
Princ. Phil. bold ſays; Thi i 4 morbinip to 5% '*e 
with in the' 'P ena of the Planets, that' can't: 
accounted for from' hat bas been alreatly. ſaid. Tie 


penetrating Kepler faw well enough the 8 
of ſuch = active Principle in the centratS 


of the 7 And ae the 
e weer pe een, — reating O. 
upon them in the keg rap 
— * rug jel her ws would have it majnta 79 
2 by the”; 281 * 93555 or by't 
ance of a Syirit” Jn at i men 
For ee ſuch an ale Princple 2X Jen 
dr Spheres and the interior s of dhe 
Vortices, always propagating their ion into 
exterior, and receiving no new Motion, 
muſt neceſſarily move flower W ena and 
ceaſe to move circularly. conſequently 
this World of Des Cartes, — ſuch ad 410 
immechanical Principle naturally tends cowards 
reſt and its dflglition. 
+ 3. Des Cartis aud the Carreffans acknowledge] | 
thar the 1 are carried in this Vortex 
and ret un, are of the ſame denſity with 
the — * e Vortex, Sr they are placed, 
— move thy the ſame Law with chem, as to 
| M 3 the 
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tent Law from chat which is obſerved in the 
Planets; hatnely, that the Periodic Times of the 
ts of the Vortex are as the Squares of the 
iftanee from the Center, if the matter of the 
Vortex be homogeneal; or as ſome higher Power 
of che Diftances, if che matter of orrices 
be groſſer at a greater diſtance ; whereas in 
the mean while ( by Prop. 22.) in-the Planets, 
the Squares of the Periodic Times are as the 
Cubes of the Diſtances ; (that is, the Periodic 
Times of the Planets are as thoſe Powers of the 
Diſtances, whoſe Exponents are +, which are 
much lower than thoſe whoſe Exponents are 2, 
or à number greater than ewo; ) "tis eyident 
therefore, that the Planets are not carried by 
any fuch 645 Vortices. 

4. If che Vortex were extended is infinitum, 
tis evident (from the preced. Prop.) that each 
part of the Fluid ought to deſcribe a perfect 

rcle, and (by Corol. 2.) that the aberration 
from a circular Path proceeded from the rigid 
Veſſel (or what is equivalent to it,) in which 
che Matter of the Vortex is contain d. From 
- whence it evidently follows, that the er 
the Vortex is in reſpe& of the Path deſcribed 
by its fluid part, (or by the Planet carried t 
with it,) the more oughe the Path of 
Planet to come up to a perfect Circle; that is, 
the excentricity of a Planet nearer to the Sun 
will de leſs than that of one more diſtant from 
the Sun; whereas Aſtronomical Obſervations 
teſtify and aſſure us, that the Orbit of Mercury 
is much 4 — ou * _ 12 8 

in, | Corol. 2. ing Prop. 
4 ce of the Vortex, and the P 
carried along with them, will be moved in lines 
almoſt conformed to the figure of che Veſſel, in 
which the fluid * the Aphelia of — 
= 4 the 
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the Planets 2882 drow the Sun will be ppſited 

24:5 6 th 275 ; Fixed Starz; whereas. 
[5 


pheliz of th Fate at a Far t/diſtance Ned 
one e ge h IN Earth's, by I 
rtex of a Ci rc 6; Mars. $ 108 de Earth's, 
85 part 972 | Circle; : thoſe of. Mars a 
Vun Fo amel 8 ppoſite. des, ve. matter 
of che Vortex ( e " River) being 05 5 hare 


et bounds by the Laws of 

ger quicker than when. DL 8 
BY 4 broa K Channel; and that in 
Gal 1200 of os breadths of the Chanhels 


15 
or flat is Pu t to them; But in che be⸗ 
8. 


g of WM, che diſtance between, the 
1 and Venus is to their __ an 
ſite Point, (namel Wesel in the beginn 


almaſt as 3 to 2; and erelore Wen 1 A 
aid of che Voter that carries ile Melon 


ah it, will be carried fwifeer in the: ame ratid 
de beginning of de than ich che beginning 
becauſe contain d within narrower. H= 
1200 r the paths of the Fluid, whigh, carries 
$40 YE 5 ſexve inſtead of boundaries oi 
| that is, the Earth h. { en;from., 
95 in = beginning of K be. CAST] 
IP as fo 9 8 as when 1 it i fe e en com the 
in the. of M, or tbe de len 
ine Fark by be beginging of c, will 
Fo to moye "ha 24 3 2 pong t 


| i Fo A Tan by th es Oli Zed x 


bt me; 


And, the Sun 1c the begin - 

fig: 1 55 be. Earth, 2 Rove In 
its diut tion. only 58. aan 

it the "bep Ling 85 be 15 JO to. move a 


le 
$A 
ns en ry, {Fr 
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1 it is, in its return round, if it be not o- 
rwiſe hindered, deſcribes a Circle ;. to whoſe 

— the Axis of, the central Sphere, whereby 
Fluid is turn d about in the form of a Vortex, 

i perpendicular and if the Path of the Body 
be.zaclined-to:this Plane, that inglination will 
be 8 leſſen d, and they at laſt will 
For it is evident from the demon- 

fond of the preced. Prop. that each part, of 
the. Fluid 4 * the Vortex, deſcribes ſuch 
a. Circle; wherefote even the Planet, which i; 
carried only by theſe Particles being relatively 
at reſt ——.— them, will alſo deſcribe ſuch 
an one; and if by any external Force impreſſed 
it deflect a. little from hence, 110 inclination 


will be leſſened by degrees b Fer he encounter of 


the Particles of the Fluid de g the above- 
F e Circles,-and the Planes it ſelf will 
deſcribe ſuch a Circle, being thus ar laſt rela- 
tively at reſt in the fluid of the Vortex, and car- 
tied about together with it. But there is not 
ons Planet co be found having the Axis pf the 
r to the Plane of the Orbit; 
during theſe. two thouſand Years, wherein 


tion of the Orbit of any Planet to that Plane 
een found Ieſſened; nor are there any fibres of 
Latitude aſſigned = theſe, Philoſophers in the 
Planers, for the preſerving thg ſame Inclination. 
But che Apology, chat Corres brings for the va- 
riqus excentricity of che Planers, and the vari- 
ous inclination of the Orbits to one anotheg; 
and the various ſituation of the Apbelias, which 


is, in Ferse ds 151. Pringip. (namely this 


bappens in all ober natural 


th a „ 4 Let be are eng a 2 * 
Ages, ant Fontipually, change 

1 Far he was unacguainted wich the Cal- 
1 cu:atory 


. 2 & 
- — 5 
_ — — _ 
a * 


6 

| 
4 
0 
] 
k 
| 
j 
[4 
4 
7 
14 


E ſervations have been made, has the Inclina- 


_ 
rr 
wo! 
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8 of Aſtronomy. For tho it can't 
be that Phyſical Cauſes have a place in 
the motion of the _ Perſon uſed to 
theſe matters will jud t fuch caſual and al- 
2 (ſuch as Cartes ſeems 
to infinuate,) are to be admitted in the motions 
of the Stars; but will rather ſay, with that moſt 


acute and beſt fitted for Aſtronomical $ 


the Solar Vortex are leſſer near the Sun 
conſequently their Maſs, contained 


78 


in 2 


Space and fi ie, is lefs denſe than in a 
greater diſtance the Sun; it follows, that 
even the Planets which are of the fame denſity 
with the particles of che Vortex, in which they 
ſwim, are lefs ſolid the nearer they are to the 
Sun; which Carres alſo acknowledges . 
147. Pert 3. of Princip. But the contrary to 


; 


we ſhall demonſtrate in its proper place 
after; Planet, the nearer it is 
to the Sun, i 
is, it contains more Matter under an equal bulk. 
Which alſo a much better with the Archi- 
typical Ratio's, Geometrical Concinnities, and 
Final Cauſes: From the confiderarion» of 
which, tis evident, that the Divine Being 


has placed the Planets at different 

from the Sun, ſo that each, according to its 

degree of denſity, may enjoy 3 — teſs 
| egree 
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rations. And 
the Planet be 

Kepler makes it, name 
ocal of the Roots of the diſtances 
; but the reciprocal of the diſtances 
Sun drawn into the roots of the appar- 
| : Yet bere (where he was moſt of 
all miſtaken,) Kepler came at this general Propo- 
ſition , 


- 


are nearer 
ud, wo) bim, from a neg! 


= 


ics, (which generally lead fame thing; 
and amgngh baer this opinion, tht che 6 
y of the Planets near Sun, is leſs than 
that of choſe farther off. 6 


ength 
| time, being ſubjet to this univerſal Law, 
that by a radius drawn to the Sun, they deſcribe 
Areas proporti to the Times ; which would 
be alto r impoſſible, if the intire matter of 


the Vortex were carried about the Sun with a 
force ſuffi 


cient to carry along with them * 
; * 
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vaſt Bodies of the Planets. Nor does it help 
Cartes at all, that he has baniſhed the Comets 
beyond Saturn, contrary to the credit of all 
Obſervations, (which Das gund the Aſtrono- 
mers never forcd to ſer beir Hypotheſes, 
as Cartes would inſinuate he matter of 
the Solar Vortex beyond Mn according to 
himſelf ) has a greater moent to carry them 
along with it, than near Venus and Mercury; 
both becauſe the Globules compoſing the Ver- 
tex are greater there than here; and eſpecially 
becauſe they are moved much ſwifter, ſince 
they run a Circle immenſly greater within a few 
Weeks, as Cartes has it, Parag. 62. Part 3. Prin. 
From all together, and each of theſe in particu- 
lar tis evident, that this Hypotheſis of Vortices 
is entirely diſagreeable with the Phænomena 
of Aſtronomy, and conduces not ſo much to 
the explaining as the diſordering of the Celeſtial 
Moti | pr ACT $150 . 


PROPOSITIOR LXNVIE 

Wo enumerate and explain the Cauſes of the Ce- 
- kftial Motions brought by Mr. Leibniz. 
'Tis ſo natural in enquiring after the Cauſes 
of the Celeftial Motions, to ſeek them in the 
ambient fluid Ether, that the Philoſophers have 
looked upon the Planets to be carried about the 
Sun, after the fame manner as ſo many Straws 
_ ſwimming in Water, are carned : about hy the 


Water put into the motion of a Vortex, by a Stick 
whirled about its Axis in the middle of a Veſſel 
at reſt. This ancient opinion lay neglected 
for a long time: But in the laſt Age was revi- 
ved by ſome great Men; for before Cartes, (of 
whom above, ) it was approved of by Forricellius 
and Galilzo ; for the reaſons without doubt, 
ſummarily propofed about the beginning of 
o. „ /t 

"es This 


X * 
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This opinion pleas'd ſo well, that that moſt i 
acute Philoſopher Mr. Leibnitz, (even after the bf 7 
publication of Newton's Mathemat. Princip. of Nat. 
Pbiloſ.) adopts it; and judges that there remains '* 
now nv more, than to ſhew how the Canſes of the Ce- q 
left al : Motions ariſe fog * of the 8 p- 
or ( ms Aſtronomic om deferent Orbs, but U 
A ens 25 nor kd, but fluid. A name ſo 
celebrated among Geometricians certainly de- 
ferves, to have his Eſſay «pon the Cauſes of the Cele- 
ftial Motions (which he communicated to the 
— World in the A#s of "\ r Pub- 
iſned at Lipfic in February 1689.) exactly con- 
ſidered. 255 | X f 
For Mr. Leibnitz, (if any Man) is able to ac- 
commodate"Vortices to the Celeſtial Motions, 
and'aſſign reaſons ig the Laws of the Heavenly Be- 
dies diſcovered by Kepler. Eſpecially. ſince he has 
attained ſome peculiar Light in that matter, and the 
enquiry be made, ſeemed to himſelf, who is ſo 
penetrating a Perſon, ro ſucceed very well and : 
agreeable to Nature, ſo that hereupon he had good iq 
hopes, of baving arrived at the true Cauſes of theſe nl 
Afotions: We will therefore lay down the Me- " 
thod this Philoſopher uſcs in explaining theſe _ 
great Works of Nature, in as few Words as poſ- 
ſible, and; as near as we can, in his own. 

Firſt, Leibnitz rakes for granted, that all Bodies wn 
which in a flaid deſcribe a Curve line, (and con- * 
ſequently that che Planets themſelves,) are acted 7 
upon by the motion of the Fluid itſelf. For all 
Bodies deſcribing a Curve, endeavour to recede 
from it along a Right line, which is a Tangent, 
(from the nature of Motion ;) there muſt there- 
fore be ſomething that keeps them in. But 

there is nothing contiguous except the Fluid, 
(by ſuppoſition,) and no endeavour to move 
thus can be reſtrained but by a contiguous 


6:34 Body 
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Body likewiſe in Motion, (from the nature of 
Matter ;) the fluid itſelf therefore muſt neceſa- 
rily be in Motion. 8 

Since from the moſt exact Obſervations that 
have been made, every Planet deſeribes an Or- 
bit about the Sun, ing to this Law, that 
by radii drawn from the Sun to the Planet, 
Areas are always cut off proportional to the 
Times; tis reaſonable enough that the ther 
or Fluid Orb of each Planet move about 
the Sun after ſuch # manner as may agree wiel 
the ſaid Law of Motion. And this will bs 
done, if each of the innumerable circular 
concentric Orbs of ſmalleſt thickneſs, into 
which the fluid Otb of the Planet is divided 

the Mind, have its proper Circulation, fo mu 
the ſwifter in proportion, as each of then is 
nearer to the Sun; that is, if the Velocities of 
eirculdting, in the parts of the fluid, are re- 
ciprocaliy proportional to the radii or diſtances 
from the Sun. By which means it will 
that whether the Planet be more or lefs 
from the Sun, the Sectors that are deſcribed in 
equal Times by the Radius, are equal. For the 


ſaid Sectors are in a ratio com ed of the 
direct ratio of the radii or diſtances from the 


Sun, and of the reciprocal of the Arcs or Cir- 
culations, and therefore (froth the nature of the 
Circulation) in the ratio of The Cir- 
culation above deſeribd (where the Velocities of 
Circulating are reciprocall l tothe 
diſtances from the Center) he calls Harmonic, be- 
eauſe ſu the Diſtances from the Center 
to increafe equably or Arithmetically, the Cir+ 
EC in an HarmonicP oge 3 
in procally proportional to — 
wg as are in an Arithmetic Progreſſion, 
which isthe known property of Harmonic Ffo- 
portionals. 'I his 


Book L of AsTRONOMY:; 
| Tidis Geang dan chagalaes fanpothe 
net to be moved by a double ion, or one 
com of the Harmonic Circalation of 
ies fluid Orb, and of a Parccentric ac - 
ceſs to and reecfs from the Sun. The Circula- 
tion of the Ether cherefore makes the P 
fr bes E Sen 8 
own, as It were by a quiet 
ſ in a deferent | whoſe Motion 
ir obeys. Conſequently neither retains an im- 
of cir {wifter, chan it bad in an 
me oe 3 
and leſſens, as it paſſes t | aperior (re- 
11 their own) till 
at it inſenſibly accomodates itfelf to the 
Orb it approaches; and on the contrary, while 
moves the ſuperior to the inferior Orbs, 
receives their Impetus. Conſequently the 
Harmonic Proportion holds not only in Arcs of 
Circles, but in deſcribing any other Curve. 
For the Area deſcribed in an Element of 
Time, cut off by radii drawn from the Sun to 
the Planet, moved in any other Curve, doth 
not comparably differ from the Sector of a 
Circle, whoſe Angle at the Center is the fame, 
and radius any one of the preceding. 
The other Motion compounding with the 
former, the intire Motion of the Planet (name- 
ly the Paracentric,) ariſes from a double Curve 
namely, the . 
the es attraFion ( a” el — 2 com- 
pounded together. For every y en- 
deavours to recede from the Curve line, it de- 
ſeribes, along a Tangent, by this Motion alone, 
the Planet carried by the Vortex circulating 
Harmonically, will recede from the Sun. 
theſe — Forces are ſhewn by the Au- 


thor, to be reciprocally as the Cubes of the 


radii. 


Ellipſe, which (after the premiſing 
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radii. The. qther component pare of the Para- 
centric Motion is the Surr's Attraction, or what 
fopplies the place of it; the: Planèts Gravity : 
And cho he dall this Force Attraction, he does 
not queſtion but it is derĩved from the impulſe of 
the ambient Fluid, N the actionꝭ of the 1 
net. 8 » { $4.40 tritt 2120 
| Becauſe it-is * by "Obſervation;” that 
each primary Planet deſcribes an Elliptic Orbit, 
in one of whoſe: Foci is the Sun, ſo as that by 
radir drawn ſtom the Sun to the Planet Areas 
are always cut off proportional to the Times 5 
and there is no Law of Circulation in a Vor- 
tex that anſwers this condition, but the Har- 
monic: It remains that a La of Gravity be 
ſought after, that join d with the Centrifugal 
conatus of the Body circulating Harmonically, 
may compoſe à paracentric Motion, which: in 
conjunction with an harmonic Eiroulation 
makes the Body to move in the Perimeter of an 
of a Lemma 
ſnewing the ratio of a Circulation in a Conic 
dection to the paracentric Nang 18 ) he deſines, 
by demonſtrating the follo eorem: ff 
a beavy-Body be — in an Ellpſe (or any he 
Section of .@ Cone with an harmonic Circulation, 
and*the Center borh-'of Attrattion. and' Ciltalarts be be 
in the Focus of the Ellipſe; the Attractions or Sollici- 
rations of Gravity will be as the Squares of the Cir 
culations direJy, or as the Squares off ne en or 
diſt ances from the Focus reciprocally. - 2 80 
He has found therefore: that there: is Auch's 
thing as Gravity in the Planets, - to the 
Center of the Sun, the Law of which is, thac 
it is reciprocally proportional to the Squares: of 
their diſtances from the Center. And he farthet 
acknowledges that this Law was known before 
to. Mr. Newian ; his Principles of Philoſophy any 


Pub- 


al Pen, in 
ſer of the Celafiat Motions, 
in his E⁰ Wo 7 


There ar ſome. of the Reaſons againſt Cor. 
Portal Vortiees carrying Planers, tat likewiſe - 
make . che abere deſeribed hey of Leibs 


© ” "7 


r 
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Plane at Right angles, nay, they ate even di. 
rectly contrary metimes tat — courſe ot the 
Nlanets. — 4 — all the while 
they are obſerveil by us) (deſcribe Areas about 
tho Sum proporti anul. cootha Times, by parity 
of gtaſon, an Harmonically eirchlating Vorker: 


t to be ſappaled , ſuch an one being as 
e for bes notion of a Games: * 4 


to — byte Votre —— 
motiqmof its u, ny ſwimeiing proper 


. 
: 0 t 
— — Na | Vortex: ought to circulate 


Harmonically, ſos hottheAreascut off byRadii 


1 — to the dun, be propor- 
tional to th Tits No other conſtitution of 
2.Vottex canmiike the ratio between the Areas 
and Times ti be the ſatie. auf therefore the 
Vortex of eur. Author vill hoer the Moti- 
ons of tfie Planets 2 cesrainly will. And 
tkis Au &d;; ath thacteſt, — 
our Author draws from | ; 
proceeds very well and juſtly, as things uſually 
that ſuc 


do under his Had. Towkich I ndd 

Vottex a5 this vheſe· Fluid cinculati 

nically in a Plane thro, the EIS to: which 
eat viper viper benennen be. prodaced 
Mechanically, by a ſolid 5 
9 — — 
Ate given by paſnion, wii an uni Mbtiom; 


aucb the Fluid tbei made 226 move im 


ſole Df i, And \ÞAD of 
— — And: his is 


Vis 7 


2 chird ing; — —-— 
explain 
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euplhin concerning the- motiem of che 
Vortex or other; namely, how it might de im- 
pelled and put into an circulatiop. 
For ſinte uhiverſally the; Times of deſcribing 
or rutumng any Space, are y as the Spa- 
ces run, and reciprocally as the Velocities ; and 
in zCircular motion the ſpaces run in one rexo- 
Juiion are as the radii, and in an Harmonie Liſt 
culation the Velocicits or- Circulations are reci- 

rocally asche rad; tis evident, that the Periodic 
— of the parts of a Vortex cieculating Har- 
monically, are the- Squares of che radii : Buc 
we kuve demonſtrated; Prop. 95. chat this is che 
rt of a Circulation in a Phe ghro/ the 
eto which che Axis is perpendigulag in the 
Wem! its motion! bx. central Sphere. 
But, if the motions of tg or mere Planeta 
bar compared together, it wall appear; han (he 
fluid Matter of Solar Vortex 45 not moved in 
an Har meme Circulation. For we haye alrea- 
dy demanſtrated, that the, Periodin Times. of 
the parts of 2 Fluid eirsulnting Harmonically 
{and conlequently of Bodies chat are carried b 
4 quiet ſwimming; in che Fluid ) arm as. che 
Squares of the radii. But the Periodic. Times 
of the Planets art not as the Squares, or in the 
duplicate, but in the eee ty the 
diſtances from the Genter. And cherefore-dif 
ferenc Planecs are noc Ar per an Harmonic 
circulation. 
The: Anthor-no doubt vill ay, .thar he did 
nos that the whole Fluid of the Solar 
Vortex was moved by a continual Harmonic 
circulation, no where interrupted, from Mer- 
cury co — — ; — that the Flaid 
car about Mercury moved in an Harmo- 
nic CTihculation from ks Peribelium to us A- 
o „—— 
2 
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again Circulatty barmonical from the Peri- 
helium of Venus to its Aphelium, but not in an 
Harmony continued wir the formet circulati- 
on near ry ; that 18% ſd as chat che circu- 
lation of the Fluid carrying Vemas, iszothe cir- 
culation of the Fluid ol ing Mercury, as the 
diſtance of ſents Pom the che Sun, ut the di- 
ſtance of Vents the ſame e And again, 
ob. former Harmony bein the 
the Earth is moved Hatmoenicall 
8 ot the Earth to the A 
um, e Harmony be conſidered ſolitatily, and 
not with the Harmony of the Fluid 
to Venus or Mercury; and ſo on in che 
Planets + that is, that reaſon of the thic 
of each Orb, -thers holds a particular Harmony 
ſeparute and diſtins from the reſt; and in like 
manner in the Satellites of Jupiter and Saturn, 
aſcending from che Center of Jupiter and Sa- 
turn But it maſt be confeſſed, that the Author 
does ſeem like wiſe to extend — 
eeitarion alle to different Planets, in Prag. 
Where he ſays : I” double the diſtance, only 22177 
part of the Angle feen from the Sau; if | fin | 
the ſame Element of Time ; in triple tht dt ance only 
2 ninth l For certainly theſe numbers — 


the ſame Planet. But if, (as he 

Geher eee to do:) he ſpeuls exproſly con- 
_ cernin Harmony of the circu- 
lating — of the iche Fla, he will hardly par- 
ſwade Philoſopbets chat things are thus; name- 
toys that by reaſon of the thickneſs of che Orb 
there is an Harmonical circulation 
2 the Perihekum to the Aphelium, or the 
Velocities of the = areas therdiſtances from 
the Center reciprocally:: But g this 
Circulation- with the irculation the Ether 
« eee one is — re- 


A Ciprocally 
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jprocall Aike Squares. of che Radii:\ For we 
have d INTE (in "Prop: 27 and 28.) inde- 


Landy Fort phy gel Cage, war the Cg. 
= 25 * rocally as che 
e from the Sun. 

Sun would be mon- 

fluid Orbs more ab- 


| . 9 98 olid ones, if 


by reaſon 
a the ee ench _ deferent Orbs' 
the Harm. 


' 1 OS KA oy und 
yet this fi ay i. 2 ihe is five 
times i pr me IC the interſtiees of 
the deſerelt. And it makes Tor o this 
interrupdon, chat A Comer carried Be 


ref es, ns, and E b AY 
8 c the Orbs car bet, = 
jor Juſk as if it were 10 by. an tk 


circulatin ae / Ss, 710 as — 
the Ae d * radius that carries 
it, are p 


3 10 he Times. It may be 


0 fetvel" Meute, ow difformly difform the 
Solat Vor x Would „ in which the thickneſs 
of 4 d. Saturn, where the Harmonic eir- 

robe Ether holds, is greater than ms 
an br . cry from Ver $, gp of Verius 
from the or of the Eirth from Mars, ih 


| _—_ one of which the Harmony is inrerrupt- 
and where, Having laid's Pie recipro- 

of to of the radi,” een & is the 
Harmony, che Circulation. of a1 4 bt theſe 
compared to r, are tecipfs as thefquare 
roots of the Dole to reſume'the 

former Fa er. = The 17 s Author hiniſe 
ſeems to haye d eqyered this lc of his 
monicall ' Circalati * he © 
feſſes, that this Rewe c ring 
7 | 1 5 7% explain 15 bar ala be 
ff the e fe Fe *+he * between 


= 


Planets 
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- 3 42208 ms} 2ds 28 br: * A 
c 7 annere. i! 79's 
1178 
955 pt e be e ee, 
nece ſary ts eſerve them. 
„ 3» 5 ods bas 12 1 15 

EI gg have beeh explaining; the old 
PhilolaiciSyſtem: of the World, by. ſhew- 
ing Wwhan Phenomena w pen im it, and 
that they agree with Obſervation. We lat ely 

treated alſo concerning the Direction and 
9s the Forces, 5 rhe Syſtem of the Sun 
* in tllat ſtate; 1 aſtar whut-manner the 
phers, — were Maintainers of it, 
— ir ws done. It remains: that we dif- 
briefly the Order and Motiow which bcher 
— aſcribed to the Sodies of : chis Sy- 
F are now-a-daysiealledt che 
Sen of : theig Aſſertors; and we will at the 
— Mew the Direction and Law of the 
Fonces, whereby/thoſe.-Syitems E 4 
10152 1 0.04661 
„ 222\PROPOSITION:, LXKIX: > 15 [ 
2 Dl the Semi-tichogic. Sit- x abe 


AB N Dane 
ao this Op pialon, a, plas the 
Ea, vnich n nov morgige fix Ely or out 


ing place, in ithe — alc Sphere, in 
— Superficies ABC p, [ Eig. 62. ] theꝝ will have 
the Fixed Stars to be placed. But grant that the 
Earth is meßed about its dw Axis from Weſt 
to Eaſt by a Nintnal Motich. Beſides, Ss 

Syſtem che Suni moved:: about the Eart 
the ſpace of a Year, at a Diſtance equal 
arwhichthe Earth is about the dun in the PB3lo- 
Lai — GAIA, 205. N 
by ; 2 4 | 
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the five Planets, viz. Mercury, Venus, Mars, 
Jupiter and are revolved towards the 
Tate way, and at the ſame Diſtances as they 
were in that. r the Moon revolves 
about the Eacth, and about Jupiter and 5 


tes, in the" N Periods 
AA hn 160" 


* Order, and | eſe Motions of the great 

Bedies of the World pleaſe moſt of thoſe P 
loſophem, that the other Syſtem explain d 
large before diſpleaſes, and which; from the re- 
viver of it, Copernicus, is. commonty call'd che Co- 
ci» Sep, as .as bx and others. 
or in this the ap arent Diuchal Revolution of 
all. the Stars from to Weſt, and the proper 
ot ſecond Motion of the Planets are intirely 
the fame .as in the Copernices Fe and the 
Earth continuing in the mean e in the Cen · 
ter of the — a 1 gt is only 
moved abaut its own. Axis And tho they 
the Fixed. Stars in the erficies: of n 
e is the 


rather 
— Phyſica Php ene 


For the Fixed. Stars ſcattered us it were thro! 
the whole Mundane Space, may he pladeds at 
different bout any prejudice to 


71 An d Dore ſhow Motion 
e Ken hoe wrhe | 
| 199884 i- 


N 22707 
4 2d 3.25617 : bow: E 
2 Pie bea l + 04 
7 alain be Bess ich land Lale 96 
| " wherely ide Semi tychonic £7 „. 
Q JE 1 1 


4. asd. H 1821 5 
Tis evident firſt of: call, tha tlie ſime Forces 

dung we ene ws 

the 
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che keeping the five Pri Planets, Mercuty, 
Venus, Mars; Jupiter and Saturn, in their Or- 
bits about the Sun, and the Attendants of Ju- 
piter and Satutn in their Orbits about Jupiter 
and Saturn, as in the Copernicen Syſtem. The 


EE TAI 
in this 5 8 
ol Jupiter ten ic Jupiter, the Satellites of Sa · 


turn to Saturm; and the Primaries Mercury, 
Venus, Mars, Jupiter, and Saturn, and their 
Satellites, towards the Sun, is known: For 
it is that Force which, in Prop. 47. we demon- 
ſtrated CCI. 7 
is teciprocall proporti co quare ot t 
diſtance. Tis farther evident, that this Syſtem 
being ſuppoſed, the Moon is kept in its Orbit 
by Gravity: propagated towards the, Earth by the 
Ls: For Prop. 46. Where: this was de- 
monſtrated, holds as much, whether the Earth 
continue in the ſame place unmoved, or be car- 
ned by an Annual motion about the Sun. But 
ſince the. difference between the Copernican ahd 


„ that in the latter, the 
Sun (as it were, with its. five attending Primary 
Nlanets and their Secondaries,) is moved about 
the Earth in an Orbit fimilar and contrarily po“ 
ited to that, in which the Earth with its atren+ 
danc is carried about the Sun in the former; 
befides. the Force of Gravity neceſſary in the 
Cepernicaw: Syſtem, that the Earth and its At- 
tendant might be carried about the Sun, 
there is occaſion for another Force equal to it, 
but with @&vgntrary Direction, that the Sun, 
together v the attending Planets, ma 
moved about the Earth at reſt in the Sei- 
Nichonic Syſſem: For theſe two equal and con- 
ttary Forces impreſſed upon the Earth, keep it 


ar:relt:i (Nay, if one contrary impetus and not 
| 5 to 


1 
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to be repeated, do but put n ſtup to the progreſ. | 
five motion of the Earth and atteindane: wid 
n, along the Tangent, of the Orbis Maps 
as, and - afterwards that otherr:Force now de; 
{cribed,' act upon the intire: Solar Syſtem, the 


reciprocally aa the: ſqu ; 
alſo of anocher ; Vity ;/ | 
| y the Earth tends rowardeithe Sun, 48 
ing equall y, Venus the 

and their) At- 


Nor do I take in (for the fue maſon) char 
Herce, whereby the Planeta would, deſeribe the 
Tungents of cheir Orbits: :o e Are now 
E tf vl choſe Forces and their — — 
to preſerve the Syſtem, and not For 
cod whereby it may tbe produced. dens: 
ichn fenen gros £& cod; 
011: 11 PAO POSFEION + LXXAL, + , 
r Zerabe rhe Tychonic . & vi 
rr 


„ $875 mocca Dr 
This differs from the emm da ſcribed in 
Pre vg. only in this, that t Harth being de; 
pared of all Motion, is abſolutely at reſt and 


there- 


24 
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8 A Stars, $5. well Fired as Wan- 
* by their, ſecond Mo- 


due al by that common or firſt Moti 
= Weben che ſpace. of Nature 


Tis nid, har, the great Her hiked this 
. tho! chers deny, that Bobo hb 
fly 2 Diurgg! Motion d tha, Stars. But it 


confeſſed, t againſt che 
= Mayor SUES . An- 


y it may be 
L be al 2 Jjj a] Moron 
ore amd lhe bu. WM 


ro Þ 


* posto 5 Arts ak 
T 0 explain the Direttion and, Low. of the Fire 
" WY g dhe Tuche er way be 
Freſ ru. 


-:!The lame Forces that are neared in the 
Phew, Go tho ug are required 
JF 


alſo: in the 
{ame motion of the Sun and 
lanecs are ed in both, And beſides theſe, 
| lara gthes her Forces, whereby all the Stars, both 
Fixed ang: Wandring, are; drawn from their 
ilingal; motians and retained in their Or- 
bits, which they deſcribe by their Diurnal ima - 
von. about the Farth. But theſe Forces, -ſincs 
the ie in all are the ſame, are (by Coral: 1. 
Prop. 26.) as the Semi- diamerers A the Circles 
they deſcribe.: And therefore: belidgs the For- 
des explained in Prop. 80. therg wi be need af 
ere Force tending towards theſfarth, chat 
Increaſe es i 8 from he Earth as thei» 
nces increaſe ; contrary to What happens in 
Gravity thro" the whole Solar Syſtem, and imlall 
Namral Virtues peopagated. from. à Centos; or 
— 8 in Righe lines, every way thro 


Fa egions round about, Which (by Prop. ww ) 
"ET bs 
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in its receſs from the Center, is leſſen d in the 
duplicate ratio of the diſtance increaſed. And 
that this Force, whereby the Stars are retar 
in their Obie deſcribed by their Diurnal 


tions, may be the more cali] Ret 398 5 
— 1 at the Moon he Force pores of 
Ss For 


ty, whereby Pr 
— il] in the Or the fe aſe 
Monthly Coutſe round the Earth "And {ince 


the Cireles deſctibed' by the Mopn — be 


Monthly and Diurnal Courſe, are e 

Forces whereby the Moon fe f retarded 25 
procatly as | 

imes; that is, the Farce whey” 


2 1. bag ) are ecdgtoean 
ſquares of 
by the Mont (when ſhe is carried in the 
tor by a Diurnal Motion abòut the Sun) 8 hp 
from flying off in a Right line, which is a Tan- 
gent to the Orbit, is to the Force, whereby it 
is ke in the Orbit chat it deſcribes about the 
in a Periodic Month, as at 27 * 27 to 1; 
or as 729 % 1. But this Force tending towards 
the Earth, holds only in'thofe Stats, Which ar 
placed in che Equstor: For che Force, whe: 
by any Star Yeelining on dne ſide of the Eqtiz- 
tor; — eicher of the Poles," is ret 
from the rectilineal Motion, 55 kept” in an 
Orbit paralleł te the Equatör, ( 172. 3 
tends to the Center of that Th VA. and n 
82 N te * Without ts 
Plane 5 it is, ( 01. . 26. 
zz the: pri met bn Wk Ao ol 4-155 in 
1 given diſtance from the Ave „equal or che 
ſie, and in a give dftance from ede Earth, 
as che Coline of Dectisati en. 
.' Tp preſerue therefore he TychmicSyſtem, — 
is: required 1 f. That acceleradive Graviry of afl 
Bodies towards all others, which in à given” di 
ce, i is as the Dody towards ieh it tends + 
an 
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and the Body hong youu Serre which: it 
cn, * is reciprocally as uare of the Di- 
2dh. Another accelerative Force e- 

qual — whereby the Earth, by a ſuperior 
Force,tends towards the Sun, and acting equal - 
ly upon the Sun, Mercury, Venus, the Earth, 
Mars, Jupiter, Saturn, and their Attendants, 
along lines parallel to a Right lint connecting 
the Sun and Earth, and with a direction from 
che Sun to the Earth. 34ly. An accelerative 
Force, tending towards the neareſt Point of the 
Axis of the World, pro to its diſtance 
from that _ and. reaching to the fartheſt 
Fixed Stars. . Another Force like it tend- 
ing to the 8 Point of the Axis of the E- 
cliptic, and zonal to the diſtance from 
that Point. This is the Force, whereby the 
1 Stars are retain d in the Orbits, which 
hey deſcribe in their PLOper, motion from Weſt 
the Poles of the Ecliptic, and 

Bo 66-28 all in the Places that lie be- 
hires and the Fixed Stars, but be- 
to act at the Fixed Stars themſelves; and 
is ( by Corel. 3. Fr. 26. ) to the like Force in 
the Axis of the World, in the duplicate ratio of 
the Natural Day, to the Period of the Fixed 
Stars upon the oles artnet neat And gw 
four will ſuffice. | 


' PrororrtiON LXXXII. 
Ps der the Ptolemaic Syſtem. . 


In this Syſtem the Earth continues abſolutely 
at reſt in the Center: Next to the Earth, fs 
Moon, then Mercury, afterwards Venus; 3 
dove Venus the Sun, next Mars, then Tupjer, 


and Saturn ſurrounding: Jupiter juſt as in the 


breath [ Fig. 63.] finiſhing . Revolutions 
under 
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der the Zodias from Weſt to Zaſtio Above 8. 
turn the intire Sphere of the Fixed Stars, (whoſs 
Center is che Earth, ) is alf6 revolved very low: 
ty from Weſt to Eaſt; apun the Poles df the 
Ecliptic. But doth the Fixed: Stars and all the 
Planets, revolve upon the Pbles of che Equatoi 
from Eaſt / to Weſt, in che'ſpaceiof 2 Natural 
Day. We dent reckon up che ſeveral Orbs; 
which” the alſertors of che Pralime Byſtem; 
place aboss the: Fixed Stars; ſin they are ef- 
of uſe in the Theory, and don't belong to the 
le World: '' And fbr the ame reaſon, 
we omit Hkewiſt the Epicyctes of each Planet 
For in the Orbits here eated, the Centers 
of the 2 dre carried about, 
in whoſe Circuiaferences porter and of che Pia | 
nets thenfſeWer'are moved. Lo 0.0 280) 
In this Scheme of the de, we have not 
delincared the Orbits accordiſig to the 
tion they huve in the Heavens; as well — 
Prolemy himſelf. as not deckired it in any; but 
the Sun and Moon j aid / becauſe that cho the 
Circles, that 'carty about die Centers of the Epi- 
cycles, Ars at ſome diſtance; yet che Heavens 
of the Planets ure, in this Hokerne Gs, 
the inferior folnetimesin the Apog vam, 7 alcend- 
ing from the Earth, 46 a diſtance equal to chat 
to which the next «ap; deſoons inte Pun 
um: as, beganſe. the ts 
8 (not to mention the Moon) faken fror from 
the Theories of Nola, toilmoſt vaniſWin re- 
ſpect of the Orbit of Saturn, and therefore re 
hardly to be deſaribeũ in chis Scheme: Fer in 
this Syſtem, the diſtance of Saturn from ith 
Earth is ah hundred; and ſixty times greater than 
the diſtance of Mercury 2 te Earth: But 
in the Coperniemm Syſtem, the diftance/ of Mer- 
17 from the — is only ur and —_— 
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times lefs thai thæ ae of Saturn from the 
He. 1118397 o,. | 

Tho theOrderof the ns deſcribed above 
pbeaſed tiuricge nerality of Philoſophers and A. 
ſtronomers, yet there were ſome, who placed 
the Sun — above the Moon, then Mercury, 
and then Venus ; and this C is uſually a4 
{cribed to lata: But Porp placed Venus im- 
mediately above the Sun, and Mercury above 
Venus, the three others (Mars, Jupiter and Sa- 
turn) continuing as before: Perhaps induced by 
this reaſon, that ĩt was better for the two Lumĩ- 
vaties to be neareſt. the Earth; whereas the Pro- 
run minding their motions more, placed che 
Sun in the middle of the. Planets, being ſatisfi- 
ac that the motions of the other Planets i in theie 


i K. eln upon nd motion of the 
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10 explain the Diroctiam and Law of the Fives 
| Se er = gue PATE Sen may be pres 
21 nutte 

Fut, for the keeping the. Stars within the 
Orbits che deſcribe, by their Diurnal Motion 
about the che ſame Forces are 
here, as were in che Thehonic Syſtem, for cho 
producing the ſame namely, ſuch as 
may tend from any Point of the World to the 
neareſt Point of che Axis, and be in the ratio 
of: the diſtances-from it. Secondly, to contain 
the Fix d Stars within the Orbits which they 
deſctibe, byctheir proper motion from Weſt to 
Eaſt, Forces like thoſe made uſe of in the . 
chonic Syſtem, are ne Then to keep 
the Luminaries (the Sun and Moon) i in th Or- 
bits which they deſcribe by their ſecond Moti- 
ons; ; figce theſe Orbits are ſimilar to their * 
e its 
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bits in the Tycbanic Syſterh, the like Forces will 
be neceſſary in this $ ſtern, to retain them in 


the ſaid Orbits, as in 
the actelerative Gravity 


- — 
Body, bo can as 
the 5 apy wa — ing be- 
ſides, another ſort of x py 
—— — wank to 


from - the Sun to the Earth, dur ſack 2s affers 
no other Planet. For that Force, whereby the 
Sun is retained in its Annual Orbit, is not the 
ſame with that whereby che Moon is retained 
in its Menſtrual Orbit, propa unto the Sun: 
For the Force, whereby the Moon is kept in 
its Orbit, is the n e 
(by Prep 46.) But if the Sun were retained 


ſame Force, propagated ſo far as itſell, 
the Cubes To 3 


Earth, 9 would — Semi- 
diameters of the Earth diſtant; and its Hori- 
zontal Parallax would be above 9 minutes, con- 


trary to all Obſervations; and beſides, there 
would be no room for the Epicycles of Mercu- 
ry and Venus, between the Heavens of the 
Moon and the Sun, where they are nr ac- 
. to ITS. REL 


Sore 
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Some of this Set of Philoſophers are not 
willing to put any more than a mental diſtin- 
ction between the Motions of the Sun and 
Moon under the Zodiac, and the Diurnal 
Motions upon the Poles of the quator, fo 
that the motion of each is really in the ſame 
ſimple Spiral Line, ariſing from the compoſition 
of the above-mentioned motions, into which 
theſe Celeſtial Motions are imagined to be di- 
vided by Aſtronomers, for the greater eaſe ; and 
the moſt ſimple Motion in a Right line, may 
be compounded of two cr more Motions. But 
becauſe that Spiral is not a Line deſcribed in a 
Plane, a Body can't ( by Prop. 11.) be retained 
in it by a ſingle Force tending to an immovable 
Point. Either therefore, there is need of the 
ſeveral different Forces deſcribed above, or of 
a ſingle Force equivalent to them, tending to 
a Point moved in the mean while forward and 
1 and that in a very compounded 
©. | | 
| Beſides, to keep the other Planets (Mercury, 
Venus, Mars, Jupiter, and Saturn) within the « 
bits they deſcribe by their proper Motion, the 
Forces tending to the Earth are not ſufficienr, 
(as was demonſtrated, Prop. 1 3;) nor are the For- 
ces tending to the Sun, fince the Orbits of Ve- 
nus and Mercury. do not ſurround the Sun in 
this Syſtem, and for that reaſon they are not 
concave toward him in all their Parts : Where- 
fore, from Prop. 11. the thing propoſed is cer- 
tain. And there is no Point in the Syſtem, 
(much leſs a Body worthy to be taken notice of, 
that can be a Center, to which the Forces may 
tend, whereby the Planets are kept from gc- 
ing off in the Tangents; one of the above- 
mentioned reaſons contradicting it. 


O But 


——— — — — 7 _ . 
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But if this Prolemaic Syſtem be underſtood li- 
terally, that is, if the motions deſcribed by Pro- 
lemy, are not look'd upon as motions only ſe- 
parated by the Mind, but as ſuch as are really 
in the Planets; then there will be need of a 
Force in the center of the Epicycle of every 
Planet, (Saturn, Jupiter, Mars, Venus and 
Mercury, ) tending to the center of the deferent; 
that is, in an imaginary Point, (or where there 
is no Body at all,) to an imagi Point: And 
beſides, there is need of a Force in the Planet 
itſelf, that may tend to the center of the Epi- 
cycle ; that is again; a Force in a Body, that 
may tend to an imaginary . Point. But even 
thoſe Forces whereby each Planet, and the cen- 
ter of its Epicycle are urged, are not propaga- 
ted beyond its proper Point and Planet, nor do 
they affect any other Planets ; and there is ſtill 
need of a peculiar Force for the keeping every 


center of an Epicycle, and every Planet in its 


proper Orbit; ſo that there is no Law which 
reſpects all the Planets: And the ordinary re- 
ſpective Gravity of the Satellites of Jupiter and 
Saturn, towards the centers of Jupiter and Sa- 

turn, continue in the mean time untouched. 
After that the Phaſes of Venus and Mercury 
were obſerved by the help of Teleſcopes, the 
Prolemean Syſtem of the World was ſoon thrown 
aſide by Philoſophers : becauſe tis evident from 
them, that-the Orbits of Mercury and Venus, 
muſt encompaſs the Sun; as was ſhewn in Scbol. 
Prop. 6. Such therefore as ſtill maintained, that 
the Earth was Immovable, made, Mercury and 
Venus move in Epicycles round the Sun as a 
Center; thus far embracing the Philolaic Syſtem 
of the World, and bringing in again the old 
Egyptian one; that Vitruvius in his Book of _ 
| tecture 


_- 


\ 


| 
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tecture, and Venerable Bede in his of the Nature of 
Things, approved of, 

- Ricciolus in his Almagef, adds Mars to the At- 
tendants of the Sun; fo that ſuch as have no 
Satellites of their own, are made Satellites to 
the Sun, and only Saturn and Jupiter that have 
Satellites, beſides the Luminaries, revolve about 
the Earth, as their immediate Center ; and this 
Syſtem, which is almoſt the ſame with the J- 
chonic, he calls his own. 

There is no need of explaining the Forces 
and their direction, that are requiſite to pre- 
| ſerve the e£gyprian Syſtem, or that other, which 
is littte different from it, the Ricciolio: For that 
appears very eaſy, from what has been ſaid a- 
bove. As they are compoſed of the Syſtems 
already deſcribed, ſo the Forces neceſſary to 
preſerve them, are parts of the reſpective Forces 
explained before. 


SCHOLIUM. 
This Section was ſubjoin'd, to the end, that 
not only Aſtronomers, (who are no ways afraid 
of a multiplicity of the Celeſtial Motions, and 
make it a Poſtulate, that any Star may be mo- 
ved with any motion, ) weighing the ſeveral dif- 
ferent Syſtems,might embrace that which agrees 
beſt with the Phænomena: But that the Philo- 
ſophers may likewiſe chuſe ſuch a Syſtem as 
beſt agrees with Nature, namely, either the Old 
Philolaic or Copernican Syſtem, which agrees with 
the Phænomena, and may be preſerved by Gra- 
vity alone, propagated in the ſame tenor thro' 
the Univerſe ; or by an accelerative force of all 
Bodies towards all others, that is, in a given 
diſtance, as the Body towards which it tends, 
and reciprocally as the ſquare of the diſtance, 
when the Body is _ towards which it _ : 
2 c 


/ | a a 
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Or the Semi- tycbonic, deſcribed in Prop. 79. that 
performs the ſame, as the Copernican, in regard 
of the Phænomena; but then beſides the ſame 
Gravity, as is requir'd in the Copernican Syſtem, 
(by Prop. 80.) it ſtands in need of another Force, 
whoſe Magnitude and Direction are perpetu- 
ally changed; for this Force is equal to that, 
whereby the Earth would tend towards the Sun, 
and acts equally on all the Bodies of the Solar 
Syſtem, according to Right lines parallel to a 
Right line that connects the Sun and Earth, 
and with a direction from the Sun towards the 
Earth: Or (if it be reſolved upon, that the 
Earth ſhall be or is intirely at reſt) the Tycbo- 
nic Syſtem deſcribed in Prop. 81. doing the ſame 
as to the Phænomena, in which (by Prop. 82.) 
beſides the two aforeſaid Forces, there is need 
of two more; namely, one equal in every point 
of the Axis of the World, that encreaſes as the 
Diſtances, and is at the Moon to the Force of 
Gravity in the duplicace ratio of the Periodic 
Month,to the Natural Day ; and another Force 
like it, and fimilarly propagated in every point 
of the Axis of the Ecliptic, that acts only upon 
the Fix'd Stars, and is at the Fix d Stars to the 
former Force in the Axis of the World, in the 
duplicate ratio of a Natural Day, to the great 
Year, or period of the Fix'd Stars upon the Poles. 
of the Ecliptic: Or the Prolemaic Syſtem itſelf 
deſcrib'd in Prop. 8 3. But this does not agree with 
the Phænomena of the Heavenly Bodies, as has 
been ſhewn in Prop. 84. But if, ſetting aſide 
the Phænomena of the Phaſes of Mercury and 
Venus, we only attend to ſuch Phænomena as 
were known by Prolemy, and his Syſtem be taken 
for true; (by Prop. 84.) beſides the two ſorts of 
Attractive Forces, equally diffuſed thro the Axis 
of the World, and the Axis ofthe Eclipric, there 

| | is 
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is need of an accelerative Gravity of the Sun, 
Earth and Moon towards one another, without 
affecting any of the other Planets, which if the 
diſtance be given, is as the Body towards which 
it tends, and towards the given Body, recipro- 
cally as the ſquare of the diſtance from it; and 
beſides, there is occaſion for another Gravity, 
(equal to that whereby the Earth would tend 
toward the Sun,) acting equally upon the Sun, 
Earth and Moon, along lines parallel to a Right 
line connecting the Sun and Earth, and with a 
direction from the Sun towards the Earth. 
Over and above, it ſtands in need of a particu- 
lar Force in the center of the Epicycle of each 
of the Planets, Saturn, Jupiter, Mars, Venus, 
and Mercury, that tends to the center of its 
Deferent ; and till of another particular Force 
in the Planet itſelf, tending to the centre of its 
proper Epicycle, without any prejudice in the 
mean while to the ordinary Gravity of the Sa- 
tellites of Jupiter and Saturn. Bur if the Ægyp- 
tian (or Ricciolic) Syſtem be moſt fancied, 
( which indeed may be made to ſolve the Phæ- 
nomena,) then, (beſides the Forces reſiding in 
the Axes of the World and the Ecliptic, ) there 
is need of a mutual Gravity of the Sun, Mer- 
cury, Venus, the Earth with the Moon, (and 
* as in the Copernican and Tychonic ; but 
uch an one as does not reach fo far as Jupiter 
and Saturn; and beſides, of a Force equal to 
that, whereby the Earth would tend towards 
the Sun, which acts cqually upon the Sun, 
Mercury, Venus, the Earth together with the 
Moon (and Mars,) along Right lines parallel 
to a Right line connecting the Sun and Earth, 
and with a direction from the Sun towards the 
Earth ; and beſides of a particular Force in 

O 3 the 
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the Center of the Epicycle of both Planets, 
Jupiter and Saturn;:that tends to the Center of 
its Deferent, and of a particular Force in Jupi- 


ter and Saturn, tending to the „ of their 
proper Epicy cle, 
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Phyſical and Grametrical, 
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N the procaiing Book, we have laid down 
the Principles 


a True and Phyſical Aſtro- 
nomy; chat 3 is, we have explained, in gene- 
ral, the motions of the Stars, as are really i in na- 
ture: But ſome notice muſt be taken of the Ap- 
pearance of them ; that is, the Elements of an 
Aſtronomy fitted to them, are to be formed. 
For as it is out of all doubt to any Philoſopher 
that confiders the Reaſons of Things, that che 
Earth is carried about among the Planets, ſo tis 
likewiſe certain to every one that enjoys his 
Sight, that the Earth appears at reſt, in the 
| R 04 middla 
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middle of the Univerſe, and that the Heavens, 
and all contained by them, are moved as to 
Senſe, round about it. Now not only the rea- 
ſon of this Phænomenon is to be aſſigned, (which 
has already been done, in the foregoing Book,) 
but the Methods muſt be explained, that the 
Aſtronomers have uſed, to define the places of 
the. Stars, ſeen from the Earth, who either 
thoughe, with the common People, that things 
were really ſo as they appear, or who thought 
that this Syſtem of Appearances ought to be re- 
tained, tho' they knew for certain, that things 
were not after this manner ; and that 'tis ac- 
cording to this Syſtem that we muſt ſpeak with 
the common People; and not make our Reaſon 
and Philoſophy perpetually offer violence to 
our Sight and other Senſes. | 

To this end is, this Second Book deſigned ; 
namely, the explaining the Words us d in Aſtro- 
nomy, and the giving the deſcription -and uſe 
of Spheres, Globes, and other Inſtruments, 

made to ſet before our Eyes principally the Di; 
urnal Motion, and in general to ſearch out in 
this Phyſical Syſtem, and to handle accordin 
to the apparent Syſtem, and Calculate all thoſe 
matters as are uſually ſaid by Aſtronomers to 
belong to the Doctrine of the Sphere: And tho 
the Doctrine of the Sphere be uſually firſt trea- 
red of, by all Authors, we have not been afraid 
to invert the Order; ſince by this method better 
care is taken againſt young Perſons in learning 
Aſtronomy, their taking the Syſtem where the 
Earth is ar reſt for true, to which they are ſirſt 
accuſtomed, and to which they are more in- 
alined by their Senſes ; and that the Doctrine of 
the Sphere, in Repler's judgment, ſtands in need of 
ſever.l things, that are b:rrowed of the Theoric pars 
if Aftrenomy (or Doctrine of the proper 1 
| a” 
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of the Planets, a faint Draught of which you 
had in the preceding Book,) by anticipation, where- 
as the Theoric Part may be deliver d alone, without 
needing the aſſiſtance of the Diurnal or Firſt Motion, 
or of the Doctrine of the Sphere, which treats of ir. 


— 


— 
— 


— 


SECTION I. 


Of the Generation of the Circles of the 
Sphere, and of the Terms uſed in Aſtro- 
nomy, depending thereupon. 


PROrOSTLTION I. 

O explain the generation and nature of the 
 Ecliptic and Zodiac, and the diviſion of them, 
alſo of the Secondaries of the Ecliptic, and their uſes, 
a the Terms uſed in Affronomy depending upon 
them. 

An Obſerver placed upon the Earth, by ex- 
tending his Sight every way equally, it not 
hindered, bounds the World by a Spherical Sn- 
perficies concentric with himſelf, (that is, with 
the Earth) and judges all remote Objects, whoſe 
diſtance is unknown, tho' really very unequally 
removed from one another, to be placed as it 
were in the ſame concave ſpherical Superficies; 
as for inſtance, he does the Fixed Stars, Sun, 
and Moon itſelf; as was ſhewn in Prop. 32. B. 1. 
This Sphere, concentric to the Earth and ſur- 
rounding it, defined by the Sight, and beſpan- 
gled with the twinkling Fixed Stars, ſupplying 
the place of an abſolute Space, is conſider d as 
at reſt; while we abſtrat from the Diurnal 
Motion, whereby this intice Sphere, or rather 
the whole Heavens, are revolved from Eaſt to 
Welt in the ſame Space of 24 Hours. Burt fince 
by reaſon of the Annual Motion of the Earth 


about 
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about the Sun, the Sun ſeen from the Earth 
ſeems to, move forward daily towards the more 
Eaſtern Stars (as was ſhewn in Prop. 2. B. 1.) the 
Sun will ſeem to move in this immovable Sphere 
or Mundane Space; and its Path marked among 
the Fixed Stars is calld the Ecliptic, becauſe 
the Eclipſes of the Luminaries happen only in 
this Line; as was ſhewn above. 

Having once ſettled the Ecliptic, tis evident 
thac as all the Orbits of the Planets about the 
Sun, are not in one Plane, but each of the Pla- 
nets ſeen from the Sun, makes an excurſion, 
ſometimes on this ſide, ſometimes on that fide 
of the Way of the mack'd among the 
Fix'd Stars; ſo the ſame Planets ſeen from the 
Earth, make an excurſion ſometimes on this 
ſide, ſometimes on that fide of the Ecliptic, and 
even in the ſame points of their Orbits ſeem to 
run off variouſly, according to the different ſitu- 
ation of the Earth, (as was ſhewn in Prop. 5. and 
8. B. 1.) But their greateſt excurſion is con- 
tained within the boundaries of ten Degrees; 
the Aſtronomers therefore have called that tract 
which the Sun, Moon, and Planets ſeem to a- 
dorn with their motions, and which is a Zone 
or Belt, twenty Degrees broad, (ten on each 
ſide of the Ecliptic,) by the name of the Z- 
diac, from the images of Animals, which the 
Fixed Stars, in that tract, ſeem to repreſent. 
The number of the images, pitched upon by 
them, is twelve; either becauſe this number 
ſeems the fitteſt; for its being diviſible into parts 
without a remainder, as two, three, four, ſix, and 
twelve; or becauſe, while the Sun ſeems to run 


thro' the Zodiac, in the ſpace of a Year, there 


Vibben near upon twelve Lunations, or the 
Moon runs thro' all her Phaſes twelve times. 
Theſe parts of the Zodiac are called Signs, ys 

= their 
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their marks are, Aries V, Taurus &, Gemini 2, 
Cancer S, Leo N, _ mM, Libra = Scor- 
iom, Sagitarius 7, Capricornus , Aquarius 
— Piſces K. Every one of theſe Signs is again 
divided into 30 equal parts, ſo that the whole 
Circle (like all others) is divided into 360. Tho 
the Zodiac or any other Circle has no begin- 
ning nor ending, properly ſpeaking; yet Aſtro- 
nomers begin their reckoning from the firſt 
point of Aries, which the Sun is ſeen in when 
the Days and Nights are equal, and Spring be- 
— to the Inhabitants of the Northern Hemi- 
phere, which alſo is the point of the common 
interſection of the Ecliptic and Æquator; as 
was ſhewn in Prop. 33. B. 1. The reckoning is 
made from V/ tots, x, and ſo on, till a return 
is made to V, the beginning again towards the 
ſame way that the Sun ſeems to move about the 
Earth. And the motion or progreſs this way 
is ſaid to be in conſequentia ſignorum, or according 
to the order of the Signs; namely, that accor- 
ding to which the Sun, Moon, and almoſt the 
reſt of the Planets ſeem to move: But that Phz- 
nomenon, which is carried in the contrary or- 
der, or from & to V, or from V to X; is ſaid 
to be moved contrary to the order of the Signs, 
or in antecedentia.' 1 74 
Becauſe the Axis of the Earth after ſeveral 
revolutions about the Sun, goes à little off 
from a Site parallel to that it formerly had, de- 
{cribing «the Superficies of a Cone, the images 
of the Stars have removed from the Signs of 
the Zodiac, to which they originally gave 
names. And this happens not upon the account 
of the motion of the Stars or the Zodiac, but 
becauſe the Æquator of the Earth is moved to- 
gether with — of the Earth, ſo as that 
the interſections of the Celeſtial Æquator, with 
2 the 
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the Ecliptic, or Equinoctial points, (and conſe- 


quently all che points of the Zodiac, as they 
are expreſſible by numbers) remove is anteceden- 
tis; and the images or the Fixed Stars ſeem to 
be transferred, in reſpe& of them, in conſequen- 
tia, as was ſhewn in Prop. 64. B. 1. 
If - innumerable Circles be — to be 
drawn thro' the Poles of the Ecliptic, cutting 
che Ecliptic at right Angles, which are called irs 
Secondaries, any point in the Heavens may be 
referred to the Ecliptic, by the help of them; 
that is, any Phznomenon is underſtood to be in 
that point of the Zodiac or Ecliptic, in which 
ſuch a Semicircle, paſſing thro' the Phznome- 
non, cuts the Ecliptic. And the Phænomena 
that are after this manner referred to the ſame 
point of the Zodiac, are ſaid to be conjunct, 
or 4 but ſuch as are 1 to the 
oppofite points, are in i A r- 
ter of the Zodiac lie Mn che 2 
which the a are referred, they are 
ſaid to be in a ile Aſpe&, but if a third 
part of the Zodiac, in a Trine Aſpect; laſtly, 
if a fixth of the Zodiac lie between them, 
they are ſaid to have a Sextile Aſpect. 
Beſides, an Arc of the Ecliptic in 
— — the beginning of Aries and the faid 
point interſection, and reckoned according 
to the order of the Signs, is called, the Longi- 
tude of that Phanomenon or Point, as the Arc 
of a Secondary, intercepted between the E- 
cliptic and the faid Phænomenon or point of the 
Heavens, is called its Latitude; on which ac- 
count theſe Secondary Circles are called Circles 
of Latitude. The Latitude is either Nertbern or 
Southern; for the Heavens are divided according 
to Aſtronomers, by the Ecliptic, (a Celeſtial 
Circle, becauſe originally conſider d * 
Þ | ca- 
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ns) into the Northern and Southern He- 


Heave 
miſphere. 


PrxoPOSITION II. 
| i e an account of the geneſis, nature, and 
| ſes of the Celeſtial Equinottial and its Se- 
condaries and Parallels, and to explain the Terms uſed 
in Aſtronomy, 2 thereon. 
the Plane of the Earth's Zquator or Cir- 
cle, lying exactly betwixt the Poles, upon which 
the Earth is revolved by its Diurnal Morion, be 
produced every way, it will interſect the Sphe- 
rical Surface of the Heavens, concentric to the 
Earth, in a correſponding Circle in the Hea- 
vens, and the Axis of the Earth will 
mark out the Poles in the ſame Sphere. And 
tho' the Earth, with ics Axe and quator, be 
carried about the Sun in- the Annual Motion, 
yet the Circle deſcribed by the Earth, is ſo ſmall, 
in regard of the Fixed Stars, that the Axis and 
Aquator of the Earth (every where parallel to 
themſelves) being produced, falls upon the ſame 
Fixed Stars, as to Senſe, and therefore all the 
other Fixed Stars, that retain the ſame ficuation 
in d of one another, retain alſo the ſame 
ſituation in regard of the and Poles of 
the Heavens, excepting ſo far as the Axis and 
Aquator on the Earth do not continue parallel 
to one another; concerning which we ſhall 
ſpeak in the following Propoſition. And be- 
cauſe the Earth revolves upon its own Aris, 
in the ſpace of a natural Day, from Weſt to Eaſt, 
any Body ſeparate from the Earth will ſeem to 
deſcribe a Circle in the Concave Sphere, paral- 
lel- to the Celeſtial in the ſame time 
from Eaſt to Weſt, the Eye being placed in the 


Earth, and judging its own Habitation to be un- 
moved ; as was explained at large in Prop. . 
ut 
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But becauſe the Earth is carried about the 
Sun in its Annual motion, the Earth's Æquator 
continuing always parallel to itſelf, applies it- 
ſelf only twice a Year to the Sun, ſo as that 
the Sun may be found in the Plane of it pro- 
duced, and conſequently that the light of the 


Sun may reach to both the Poles of the Earth, 


and every point of the Earth turn'd about in 
the Diurnal motion, may be as long in the 
Light as in the'Dark, ( as was ſhewn in Prop. 
33. B. 1.) that is, the Sun is ſeen only twice 
a Year to deſcribe the Celeſtial Equinoctial 
Circle, in its Diurnal motion, in which caſe 
the Days will be equal to the Nighe to all 
the Inhabitants of the Earth: For the Equi- 
noctial interſects the Ecliptic in the Point in 
which the Sun appears among the Fixed 
Stars, when its Light reaches to both the Poles 
of the Earth, and cauſe the Equinox through 
all the Globe of the Earth. For in every other 
caſe, the Sun, in its Diurnal motion (like the 
other Celeſtial Bodies) ſeems to deſcribe Circles 
parallel to the Equinoctial, among which they 
are the moſt conſiderable, that the Sun ſeems to 
deſcribe in the Heavens, when the Poles of the 
Earth do moſt incline towards the Sun; that is, 
when the Sun is ſeen from the Earth in the be- 
ginning of the Signs of Cancer and Capticorn 


among the Fixed Stars; which therefore are 


called the Tropics of Cancer and Capricorn, becauſe 
the Sun returns immediately from thence to- 
wards the Equator, There are two other Circles 
alſo parallel to the Equinoctial Circle (namely 
thoſe which thePoles of the Ecliptic ſeem to de- 
ſeribe in their Diurnal motion; and by con- 


ſequence are as far diſtant from the Poles of the 
Equinoctial as the Tropics are from the Equi- 


noctial,) called the Polar Circles, either 2 | 
9 6 e 
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they are deſcribed by the Poles of the Ecliptic 
by the firſt of Diurnal motion, or becauſe they 
are near the. Poles of the Equinoctial, which 
are called the Poles of the World; becauſe all the 
World beſides the Earth, ſeems to be moved u- 
bout them in the ſpace of 24 Hours. The Equi- 
noctial Circle, as uſual, is; divided into 360 
Degrees, and theſe Degrees are reckoned towards 
the ſame parts with the of the Ecliptic 
or Zodiac, namely, from Weſt to Eaſt, according 
to the order of the Signs, and from the ſame be- 
ginning; namely, the firſt Point of Aries. As 
each Point in the Heavens is referred to the 
Zodiac by the Secondaries of the Ecliptic, ſo 
by the Secondaries of the Equator, it is referred 
to the Equinoctial. And the Arc of the Secon- 
dary comprehended between the Point and the 
Equator, is called the Declinatiam of that Point; 
North or South, according as it is towards this 
or that Pole. For a Point is ſaid to decline juſt 
ſo much as it 5s diſtant from the Primary Circle, 
being the middle and principal one of the Diur- 
nal motion which moſt affects our Sight. This 
Diſtarce or Declination, belongs to the Se- 
condaries of the Equator, which are therefore 
called, the Celis. of Declination : The chief of 
which are the two Colures, one of which paſſing 
thro' the interſections of the Ecliptic and Equa- 
tor, or points of the Equinoxes; is called the 
Equinact ial Calare ; and the other at right angles 
with the former, is called the. Sol ;rial Colure, be- 
cauſe it meets the Ecliptic in the remoteſt Points 
| you — Equator, where the Solſtices are ce- 
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PROPOSITION III. 


0 an account of the nature and uſes of 
the — Equator and its Secondaries and 
Parallels, «nd _— 8 _ uſed in Aſtronomy 


and | 
Erb is ro Fern A 5a Tessi Circle, 
becauſe exiſting originally in the Earth, and 
cransferred to theHeavens only upon the account 
of the Firſt Motion, (which is only an appar- 
rent one in the Heavens.) Its four principal Pa- 
rallels, the two Tropics, and as many Polar 
Circles, may be underſtood to be on the Earth, 
either as ſo many Circles lying directly under 
the Circles in the Heavens of the ſame name, 
the tion of which we have ſhewn in 
the ing Propoſition ; or (which is more 
natural) as y generated in the Earth it- 
ſelf. And then the Tropics:will be Circles on 
che Earth, lying directly under the apparent 
Courſe of the Sun, when the Pole of the Earth, 
which is neareſt, inclines moſt to the Sun: But 
the Polars, ſuch as bound thoſe tracts of the 
Earth, as have at that time 
Night, as was explain d in Pro 
Theſe four Circles parall 


Ma both — . bias — 
under the courſe of the Sun, and receiving its 
directand, by conſequence, moſt powerful Rays. 
The Inhabitants of this Zone are called Ampbi- 


ſcians, becauſe the Shadow of a Perſon ftand- 


ing upright, moves as well towards the right as 
— left hand of him that obſerves it, and becauſe 
the Noon Shadow at certain different times of 
the Year, is projected towards both the Poles. 
The tracts of Land included within * 2 
0 


© 
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Polar Circles, make two other Zone:; both of 
them Frigidzbecaute they receiveonly the oblique 
and conſequently. the weakeſt Rays of: che 
Sun; that are not therefore able to thaw or difs 
folve the cohæſion of the Ice, that froze during 
the Winter and long Night- time, in the follow 
ing Summer, or as long a Day-time. The Inha- 
bitants of theſe Zones, in regard of the Shadow, 
are called Periſcians, becauſe che ſhadow (the Sun 
not ſetting) moves round about them. Between 
the Torrid, hich is the middle, and the two 
Frigid, . which are the extreind Zones, lie uo 

„ calld.thei7emperate: Zones, becauſe par- 
taking of the aſſections af both. the adjacent 
extremes; the Northern of which is i bounded 
by che Tropic of Cancer and the Arctic Polar 
Circle; and che Sontbern, by: the Tropic of Ca- 
pricorn and che Antarctic: Polar Circle. And 
tho the Ancients fai that chieſe only were 
Temperate and habitible, yet: experience no 
informs us, chat both the Frigid and Torrid 
Zones are fit for the nouriſmment of Animals, 
and Vegetables; ſeveral other Cauſes, partly 
Phyſical, and partly Aftronomical, making com- 
ion for the too direct or oblique inci- 
dence of the Rays. The Inhabitants of the 
Temperate Tones are called Hetersſcians, be- 
cauſe their Noon ſhadow is throtwn only to- 
wards one Pole, viz. the neareſt, and carried a- 
bout only towards one quarter, as it is wich us, 
who inhabit the Northern Temperate Zone, and 
ſee our own ſhadow projected towards the right 

Again, ſuch as live upon the Equator, have 
their Days and Nights always equal, becauſe as 
well the Equator as the Circle diſtinguiſhing 
the enlightened part of the Earth from the ob- 
ſeure are great Circles of the mene“ 
therefore, ( by Prop. * Book x. Theodoſ.) 
1 they 
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they. biſect one another; conſequently, each 
Point in the Equator carried round about equa- 
bly. in its Diutnal motion, is as long in the light 
as in the dark. But to an Inhabitant living 
without. che Equator towards either Pole, the 
Days are longer than the Nights, when the 
Paule of the Earth, that is neatęſt inclines to- 
wards the Sun, and are then the when 
that Pole inclines moſt towards the Sun: And 


is 2 
than 


| a lictle Zone) as indivi- 
regard af Latitude, and therefore they 
a Parallel, Circle being underſtood. 


ther the length of half an Hour. Each Climate 
receiv'd.a name from fame confiderable. Place 
lying in it naat its middle: and therefore there 
muſt be 2.4 of them reckon d from the Equator 
to either Polar Circle, ſince the greataſt or 
longeſt Day is x2 Hours longer. - But che Au- 
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eients begin 1 
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Diurnal revolution arfived to ſuch a firuation 
as that the Sun is in the Plane of chat Circle 
—＋ it is Noon Day; as ſhall be more 
explain d hereafter. The Eutitadt of any 
Piel. an Arc of the Secondary df the Equa- 
tor, or of a Meridian, intercepred between the 
Equitot and the Place: And it is either North 
of South, as the Place is diſtant from the Equa- 
tor towards the North or South pole? But the 
Longitude of a Place is computed from the Weſt 
towards the Eaſt in the Equator itfelf, becauſe 
the boundary of the Land towards the Weſt is 
better known than that cowards the Eaſt; And 
becauſe the Equator has no beg ginhing, nor any 
Cardinal Poiit, as there is Ts de Heavens, 
marked out by ĩts inter ſection with the'FEcli ptic, 
the firſt Meridian, from Whole interſectibn with 
the Equator the be of "the reckoning is 
to be made, was left to 0 liberty of the Geo- 
graphers to be ſcttled. Now, they allow of no 
dry and habitable Land beſides the: Contingent 
che y themſelves inhabited, togecher with the ad- 
jacent Iſles; they fei ned therefore a Me- 
ridian paſting thro' e moſt Weſtern Place of 
the Earth, that was then Known, ' (as the Azores 
or Fortanate Landi; and from thetice towards 
the Eaſt, they dif) poſed of all Places on the 
whole Surface of che > Fare, in regard of Lon- 
gitude; and called the Longitude of *the Place, 
that Are of the Equator 'which'wis intercepted 
between the Firf Meridian and the Meridian of 
_ the Place: But wien chey found the Globe of 
the - Earth was -really - Inhabited all about, and 
there was no ſueh thing as a moſt Weſtern Place, 
the above- mention d way of reckoning the Lon- 
_gitude of Places was by degrees neglected, which 
would have been of great uſe in underfta 


rh Monuments of tke Ancients; ( tho add. 
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mill be made uſe of;) and every one made the 
Meridian of his own! City lto be the chief, and 
took notice hom the Meridians of other Places 
ſituated towards the Eaſt or Weſt ſtand in regard 
ol this, or how many Hours there are between 
the more Eaſtern Meridian leaving the Sun, 
and the: more Weſtern Meridians overtaking o 
it, or between the Sum s to leave the 
more Eaſtern Meridian, andl arrival at che more 
Weſtern. Saile gi e noed. n 
Again, the Inhabitamts of the Earthi being 
compared tagether in r of the Meridians 
and Parallels, ſome of them are called by Geo- 


phers che · Perinci, and they inhabit im the 
— Parallei of the Earth, but in oppoſite Me 
ridians. (The oppoſite Meridians are the oppoſite 
halves of the ſame Circle computed from the 
Poles, beeauſe ſuch Places as ate in ſuch*oppd- 
fire Semicircles are referred to oppoſite points 
of the Equator of the Earth) On this — 
the Periaci enjoy the ſame Seafons of the Year; 
by reaſon. of the inclination towards the Sun of 
— Pole of the Earth which is neareſt to hotiij 

its declination from the Sun; or ſpeaking 
— to the apparent reſt of the Earth, be- 
cauſe the Sun approaches after the fame man- 
ner towards the Parallel of both Places, (becauſe 
the ſame) or recedes from it: But theys have 
alternate changes of Noon and Midnight, ac- 
cording as the Meridian of the one or the o- 
ther is turned to the Sun by the diurnatrevoly- 
tion of che. Earth, or (which is all one,) as the 
Sun carried about us in its apparent diurnal 
revolution; approaches to the Meridian of the 
one or the other of them; unleſs they live in 4 
1 Zone, where they enjoy the Day toge- 
ther. Again, other Inhabitants of the Earth are 


called Amntect, and 9 live in the ſame Meri- 
RE F3 dian, 


— 
— 


85 


5 


ts, at the 
| etal Nichts; tis Night he: 
Day thete, and Night there when tis 
Tis evident an Inhabitant of the 
— to himſelf; and that the fa 
16 Perieccian and Anti i 
an Inhbiranc of both the is a Perœcian to 
himſelf, and that his Antecian is the ſame as tris 
Antipode. TH 3 M3 B77 Wa 9% 5:7: 
„ A ParoeitTLhoOn IV i OC 
O gi, an account of the generation aud un- 
1 re of the Horizon and is Srcondavies and 
| Parallels, and to explain the Terms in Aſtrammy de- 
8 gr 3 ALS 12 Dee 
Beſides the lately mentiom d Circles of the 
Equator and Eeliptic, in reſpeſt to which, A. 
ſtroenomers have determined the Places ot the 
Stars viewed from the Earth, there is another 
called the Horizon; grear Ciccle, 


= — 


— , 
. 1 


chat 827 

every one ſtanding in an open Plain, de- 
fines by turning of his Sight round about, and 
that divides the viſible from the inviſble | 

the Heavens. This Circle * 
n ; 2 
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rable of all ina Sphere to rance; becauſe. 
immediately tuen notice of and determinediby | 
any Obſerver? rho" the moſt unckilful. 12 | 


neſis in the true Syſtem, has been deliver d a- 
bove in 
cal Sup 
ſtial 


32 B. 2 Bur becauſe the Spheri- 
„to 'whith- we-referred all Cele- 
| wy is to bo concentric 
with the Earth and not the Eye; a Plane that 
paſſes thro the Eye and touches the Earth, will 
not divide ie into equal Se z thetefore 
the Horizon there delcribed,' generated 
Section of the aid Plane and Sphets, 
ly called the Sb Horn — deficied- 
by Senſe: And the Rational — of this Spe 
ctator, is chat which is made by the Section of 
the ſaid ſpherical Superficies, by a Plane paral-- 
let to che-Serifible Horizon, and paſting thro the 
center of the Earth: Theie two | Planes 
produced, wilt mark out the ſame: Circle in the 
Super ficies f that very great S wherein 
the Fixed Stars are ſeen, becauſe the Earth com- 
to che Sphere of che Fixed Stars, is but 
a Point. From whence tis evident, chat 
che Horizon corifdered the Fixed Stars 
is a great Circle in a Sphere, every way equi- 
diſtant from the Point, — — the Head of 
the Perſon (whoſe Horizon it is,) called the Ze- 
nitb, and from the re to ĩt the Nadir: Which 
Points therefore, namely the Zenith and Nadir 
are the Poles of the Horizon, in which the Secon- 
daries of the Hort on, drawn thirol all the points of 
che Heavem, eroſt one another, which are there- 
fore called-Verticols, and ſometimes Azimuths ; 
bur the Parallels" of the Horizon, whether ſup- 
poſed to be above or below, towards the De- 
mith or Nadir are called Alwvrerter;. There are 
two of theſe Vertical Circles, that are moſt con- 
We the one 9 — com- 
P 4 mon 
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mon Node of all' the Verticals) and the Poles 
of the World, call d che Ai, namely the 
Celeftial , becauſe being directiy over the Ter- 
reſtrjal Meridian: This Circle interſects the Ha- 
rizom in the Cardinal Points af South and North, 
and marks them out. The other chief Vertical 
is at Right angles to this, and interſects the 
Horizon in the poins of Eaſt and Weſt; and 
hecauſe the — tho a Vertical, is called 
like wiſe by another name, vix. a Meridian, this 
latter has the name of the Pri Vertical left 
intirely to itſelf. By che help-of che Horizon 
and its. Se point — the Heavens 
whatever is diſpoſed of according to its Alti- 
tude above or Depreſſion below the Horizon, 
and Azimuths. That is, the Altitude: or De- 
preſton of any Point is an 1 Cir- 
dle intercepted between the ſame Point and che 
Horizon: And the Azimuth is an Arc. of the 
Horizon intercepted between the North or 
South Cardinal Point and that Point wherein 
the Vertical drawn thro the Phenomenon, 
meets the Horizon; which is Eefftermor Weſtern, 
according as you reckon from the Meridian to- 
wards the Eaſtern or Weſtern part of the Hea- 
vens. Sometimes the Azimuth is reckoned from 
the Eaſtern or Weſtern Cardinal Point towards 
the North or South. But the Eaſtern or Weſtern 
Amplitude is always reckoned from theſe Points, 
which is an Arc of the: Horizon, reckoned 
from the Eaft or Weſt to the Riſing or Setting 
point, and therefore both may be Nori ben or 
$enthern ; tho thisavay of naming them ſeems 
to have flown firſt from intire Conſtallations; 
and the queſtion was, how large a ſpace of the 
Horizon any Conktllation took up in Riſing | 
n Pic bi noe 1 
Fe 2 > 3 


| "Thar 
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That portion of che Convex Surface of the 
Earth, that the 8 ſtands upon, being 
taken us a Plane parallel to the Horizon; che 
- ſeveral of the Winds are conſider'd in 
it, and the Cardinal ones are the North, South, 
Eaft'and Weſt ; lying under the Meridian and 
Prime Vertical, deſcribed above, and are the 
Sections of the Horizontal Plane with. the 
Planes of the ſuid Circles. The Motion of the 
Heavens will point out to us theſe four Quar- 
ters; namely the Eaſt, where tie Sun riſes in 
the Equinoxes ; the Weſt;: wheres the Sun ſets 
that Day: The North, where the Pole of the 
World is ſeen by us the Inhabitants of the Nor- 
thern Hemiſphere of the Earth, and the Stars 
call d the Septem Triones, | always appear: And 
laſtly, the South, whence the Sun ſhines upon 
us at Noon. For the Terms in Aſtronomy are 
accommodated to ſuch tracts of the Earth as 
are ſituated in the Northern Temperate Zoe, 
becauſe Aſtronomy was firſt cultivated in thoſe 
parts. There are as many lying exactly betwen 
the four Cardinals, that have names (in the En- 
gliſb and other Tongues a-kin to it) made up of 
the Cardinals that are on their ſides, ſo as that 
the name of the chief Cardinal Point is ſet 
firſt. Betwixt theſe eight are placed eight more, 
having Names made up of the Names of the 
eight preceding, fo as that each of them is made 
up of the two laterals next it, and the princi- 
pal Cardinal ſet firſt: Hence it comes to paſs, 
that the name of the chief Cardinals is preſent- 
ly doubled, and the names of the other Cardi-' 
nals in the beginning and end of the Word thus 
compounded.- Between the ſixteen Points na- 
med, there are ſixteen others having compound 
Names, each from one of the eight firſt, to 
Which the name of the Cardinal Point towards 
*. | which 


WS 
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Points, which are the common I 
25 many Verticals with the Plane of the Hori- 
zon, and ſerve to diſtinguiſh the Winds accu- 
rately enough. But we uſe the Degrees 


CS Spirals — — | 
Meridians at — ap ee IE, 
Laxodromics. - 


E 


 ProrosrTION v. ö 
10 explais tbe yenerat e 
i fied Meridiew aud ether Hour Gl. . 47 
4 Prop. 3, we exp explain d whar ſore of a Circle 
the Meridian of each Place conſidered upon 
Earth wus; namely; 4 Cirde” 
Earth and thro —— 
che Poles ; and confeque ty = ger Cie 
r — 

8 Meridian of the Fre Place is iy 


81 


and d 
ke wiſe 


— 


e the Horizon, 
at its oppoſite 


point of the continu 
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below the Horiaon happens, when that Star 
comes to _ Meridian: Where, at the ſame 
time, it iti greateſt 2 card, * 
Meridian Altitude. | 
Again, ſince the ſpace of ume en the 
two — Noons : — 4 8 OS 
into 24 equal parts, (called Ho rea- 
ſon of the equable . the Eaten: 
bout its'own Axis, _— — 
quably the Equator, or ſome to it u 
the Poles. of the Celeſtial Equator; — 
Meridian, there are eleven other Hour Cir- 
cles: to be conceived of, paſſing thro' the Poles 
of. 3 together with the Meri- 
_ dian, dividingthe Equator into 24 equal parts; 
and thieſe are look d upon (in of the 
fame place) as immovable, and like the Meri 
placed without the Sphere, the Heavens in the 
mean while revolving equably under them. 
From whence it is — 4. — an Arc of the 
Equator intercepted between any two next of 
theſe Circles: is 15 {that is, 24th 
of an intire Circle. But when 'the: Te ial 
Meridian is changed, the Obiſerver changes all 
his Hour Circles with itt: They are called 
Hour Cireles, _ 77 Sun, ſeen to have 
arrived at any! m its apparent Diurnal 
Motion, cauſes the Hour of ihe Day to be that 
before or after Noon, which this Circle is in 
order, more Eaſtern, or more Weſtern than the 
Meridian. An infinite number more of theſe 
ſort of Circles may be imagined, accor as 
we ſuppoſe the Hour to be divided into 60 
nutes, cachiof which is again divided into 60 
Seconds, and ſo on. Theſe Hour Circles are 
the ſame in paſition, with the Circles of De- 
clination; (of which in Prap«2;)becanſe-aliey 
are Secondaries to che e Equarors Bu they. differ 


in 


. * 
+4 
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in this, that the Circles of Declinations re- 
volve, together with the Stars and Points of 
the Heavens, whoſe Declination they meaſure; 
but [theſe Hour Circles (as was faid before } 
are look d upon as immovable. Hour Circles alſo 
in the Heavens, anſwer to Meridians on the 
Earth; and indeed the Meridians on the Earth, 
are che real Hour Circles, and are only appa- 
rent ones in the Heavens. For as tis Noon in 
. given Place, when the Earth, + revolving by its 

Diurnal Rotation, arrives at ſuch a ſituation; 
as has the Plane' of: the Meridian produced fal- 
ling upon the Sun: fo it is ſuch or ſuch an Hour, 
before or after Nvon, as that Terreſtrial Me 
ridian, in order from the Meridian of the Place; 
is, n Plane produced che Sun i is  chen 
found. 1 & 10 ine 

10 "ae 5 i 4. FL Ch 

9% 07 aasee VI. 
10 ) ane fe various appellations of the S 
be non, ee 2 
vam, depending abn the various inclination 7 the 


Herken tothe 

Since according to the diverſity: of Places 
uþorltheBarth, the Horizon, and conſequent- 
ly tlie Face of the Heavens, (that is, the Jede 
of the World, ) is different; Aſtronomers make 
this diverſity threefold, according to the three 
different kinds of Poſition of the Horizon- to 
the Equator. For either the Horizon of the 
Place is right to the Equator, cutting it at right 
angles, or it is oblique, or elſe does not cut᷑ it 
at all, but coincides with it. Such as have the 
firſt Poſition'of the Sphere, are ſaid to inhibit 
a Right Sphere ;'fuch as have the ſecond, an Oh 
13 and ſuch as have the third, a: Phiwallel 
Sphere, becauſe" each Star ſeems to deſetibe 2 
Cirole, ——Ca— to the Horizon in its Diurnal 


In 
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In a right Sphere, (namely, where the qua- 
tor E Tis erect ot 1 to the Horizon 
HO, as in the 1k Figure, ) the Equator (by 
Prop. IF. B. 2. s) will paſs thro the — 
of the Horizon, the Tenich, and Nadir 
Place therefore itſelf, on the Surface 12 the 
4 be in the Terreſtrial Equator ; for 
uch on only have the Zenith and Nadir, in the 
Celeſtial Equator ; all ſuch therefore, inhabit 
$ Right Seven, nd 5 ſpread as 
ang the lengch reſtrial Equator, 
Their Horizon paſſes thro” che Poles of the 
World 4 and B (by the abovecited Propoſition 
of Theodefius}-and every Point in the Heavens 
will ſeem to aſcend right or perpendicularly a- 
bove the Horizon ; — 2 deſcribes 4 Circle 
parallel to the Equator, (which is right or-per- 
pendicular to the Horizon,) in its apparent Di- 
urnal Motion. And the * riſe toge= 
ther, come to the Meridian Eno 
ſer together ; becauſe the Paine; 
the Diurnal Motion is made, 
ſeem to = come to the 
are as well in i 
this 8 x, the 75 


Deſcenfion 
Riad here che Nlerzdian of Piers 
be aſſumed. Now, becauſe- =; = 


tants of the Terreſtrial Equacor have a Right 
Sphere 
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what the affeftions of this Sphere are 
2 evident. from what has been ſaid above; (e- 
declalx in Prop. 33. B. 1. namely, that the 


Nights are always equal to che Days, and every 
— . as below 


Sphere, where the Horizon 


quator or World is. Were. the Horizon, — 
Nice — 8 
ible, but the latter always inviſible: 

the Equator. paſs thro EY 
Vertex will lic between the Equator 
viſible Pole. There are two Kinds of 
Sphere; ele 
above the Horizon HO, and the South lies un- 
ſeen; or on the contrary, ache South Pole is e- 
tevared, and the North All ſuch have 
the Sphere of the former kind, 2s live between 
the Terreſtrial 


1 P 
of them, ub to Summer yr pt 
8 — 


in — apparent a ex fince each point 
by its equable diurnal Motion de- 
ſcribes either the Equatas''or a Parallel to it ; 
and only the Equator, but not one of the Pa- 
rallels is divided into two equal parts, by an 
oblique Horizon ; the Sun, and all the Scars, 
= decline towards the viſible Pole, continue 
2 above the Horizon than below; and on 
the contrary, ſuch as decline towards the invi- 
ſible Pole, continue hid longer below the Ho- 
ape, chan they appear above »» 
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And this holds to a certain limit towards both 
Poles. For if the: declination be increaſed, 
till the diſtance of the Star from the viſible 
Pole, is leſs: than the elevation of the Pole a- 
bove the Horizon, the Star does not ſet at all: 
But if its Diſtance from the inviſible Pole be leſs, 
it will not aſcend above the Horizon ; that is, 
it will not riſe at all. And the-Parallels OF, 
HT, bounding; the always viſible and the invi- 
ſible. Stars in à given Place, and touching the 
Horizon, are called, by ſome of the Ancients, 

(. Eaclil in the — and Manilius in his 

| Afronomy) the Polars of that Place, which are 
therefore greater and more remote from the Ce- 
leſtial Pole, according as the Place, whoſe Po- 
lars they are, is DES off from the Terreſtrial 
Equator ; that is as the Sphere is more oblique. 
All: the Stars that lie between theſe Polars 
have the viciſſitudeof Riſing and Setting, A- 
ſcenſion and Deſcenſon. The Obkque 4 ger” 
of a Star or any. Celeſtial Point, is an Arc of 
the Equator, reckoned towards the Eaſt, inter- 
cepted between the beginning of Aries, and 
that point of the Equator chat riſes 
with the Star, in a given oblique and 
this is various according to the variety of obli- 
quity of the Sphere. And the 4 Diffe- 
rence. is the difference betwixt the right and ob- 
lique Aſcenſion. And the ſame things are to be 
underſtood concerning the Oblique Deſcenſion. - 

In a Parallel Sphere, where the Horizon H 0, 
[ Big. 3-] coincides with the Equator E. A, and 
makes one of the: Parallels of che Diurnal mo- 
tion, their Poles alſo-(namely, the Zenith and 
Pole of the World) will coincide; and there- 
fore this poſition of the Sphere agrees only 
with the Inhabitants of the two Poles of the 
Earth; and all the Ce leſtial Bodies or Fon 
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that deſcribe Circles parallel to the Equator by 
the diurnal motion, will likewiſe deſcribe Cir- 
cles parallel to the Horizon. Upon this ac- 
count, there will be no riſing or ſetting at all 
by the diurnal motion, and therefore no Aſcen- 
ſion or Deſcenſion in this Sphere, nor any Me- 
ridian, ſince ir paſſes thro the Pole and Vertex 
of the Place; and fince theſe two coincide in 
this Sphere, they can't determine the Circle, 
each Vertical having an equal right to claim 
the name of a Meridian. The Phznomena of 
the Sun ariſing from the Annual motion of the 
Earth, viſible in a parallel Sphere, are explain- 
ed in Prop. 33. B. 1; namely, ſuch as agree to 
the Inhabitanes of either:Pole. Ia che apparent 
Syſtem tis evident, that the Sun, during its de- 
clining from the Equator towards that Pole, 
which is in the Zenith, is always ſeen, and 
makes the Day half a Year long; as on the 
contrary 'tis half a Year Night, while the Sun 


declines towards the other part of the Equator, 


and conſequently of the Horizon; and that the 

beginning of the Day and Night falls upon the 
Sun's ingreſs into the Equinoctial Points. 

Poros triox VII. 

HE Latitude of the Place is an Arc 


femilar to 


75 Poles a and ö, Equator eq. Let any Place 


on the Surface be taken, as I, whoſe Latitude is 
le, an Arc of the Meridian intercepted between 


it and the Equator. Let the Celeſtial Sphere 
be concentric, and its Poles, Equator and Me- 
ridian, B, A, E A, and BEAD, anſwer to 
the Poles, Equator and Meridian of the Earth. 
Let Z be the Zenith, and N the Nadir of the 

e Place 


. | the Arc of the Elevation of the Pole abe ve the 
Let aebi [ Fig. 4.) be the Earth, its Center 


226 The EIEMEZNTS Bock II. 


Place / ; namely in the interſections of the Right 
line 71 produced, with the Stiperficies of the 
Celeſtial Sphete. Tberefbre the great Circle 
Ho, in the Sphere, deſcribed upon the Poles 
— — — and the 
Are of the Meridian O B, 4s. the heig hit of the 
viſible. Pole B above the Horizon; — this, I 
ay, is ſimilar to the Are le, namely, to. the 
Latitude of the Place. For, Lr 

the Ang 


B are 
che Poles of the Cirele E le BT 
is right; (by Prop. 10. B. T. of 7h * Spher.) 2 
for the ſame the Angle Z TO is 

2 


right. 
If therefore from the equal Angles 8 TO, 
you take the common Angle Z T B, the re- 
maining ETZ, BTO, will be equal. 
And therefore (by Prop. 33. Elos. 6.) the Arcs 
2 . 


pPorOSTI0R vitt. 
0 explain the Cuuſe: of the Crepuſculum or Twi 
light, and to define its Limits. a 
The Twilight is that dubious li „ which 
we have before the Sun riſes and che Suti 
ſets. If there were no Atmoſphere about the 
the Earth, nor any brightneſs from the Aura 
eftherea that is near the Sun, ſo ſoon as by the 
diurnal motion of the Earth any place upon its 
ſurface comes within the ſhadow of the Earth, 
by the diurnal motion of the Earth, or fo foon 
as the Sun deſcends below the Horizon of that 
Place, there would be nothing but mere Dark 
neſs ; "becauſe the 8 forſaken by 
che Ray s of the Sun, is left deſtitnte of Light : 
Ia nor only the Sun, but the Ethereal Aura 
that is ſpread about the Sun very nearly to it 
(and its inflamed Atmoſphere as it were) do al- 
io ſhine and give fome bght : Now, 1 


Ys 
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ing more time than the Sun does in riſing 
or ſetting, before Sun riſe the Aurora 
out in a manifeſtly Cireular figute; riſitig into 
the brightneſs of the ſame Figure 
the 34h of the Circle, that is is already riſen 
of the Atmoſphere of the Sun, and incirely dif- 
ferent from that, which proceeds from * il- 
lumination of the Atmoſphere of the Eatth; 
made by the Sun: Which is to be underſtood in 
_ _ 2 . 

un- Becauſe the matter that nes; 
by reaſon of the nearneſs of the Sun, ſhines 
ſomerimes more, ſometimes. leſs, the 
ries. of. the. Twilight, which ariſes from TO 
are not ſo certain, eſpecially when it acts in 
conjunction with the other and more powerful 
cauſe of this duhious Light. For after bar the 
Inhabitant of the Earth ſtanding upon its ſux- 
face ſomething beyond the bounds of Light ba 
tevolved into the ſhadow of the 2 
moſphere that ſurrounds the 1 
ed to a conſiderable diſt 
is ſtill inlighten d, and does alſo 
ten the Place where the Obſeryer 22 
its reflected Rays. This cauſe is _ apon 


the change, according as more or fewer Par- 


ticles fit ' for reflecting or other ways con- 
veying the rays of the Sun to tis, are found 
ſuſpended in the Air; and a as theſe 
Parneles get up to a Sreater or le! 
which upon the gravity of the 
— nid in which they ſwim,) chat is 
_— Barometer. For if they h 
lom and very near the furface of the Eatt 
22 42 oon ceaſe to 2 any 3 
ays o t, being re ved pre nely 2 - 
wards, together with che Place 3 Which hey 
hang, i into cs Earth's ſhadow. If they ar 


QZ ther 


with that of 


1 
Fea 
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ther very rare as they float in the expanded 
ſpace, or unfit tò reflect the Light, they will 
return to us cithet ſuch a Light from the Sun as 
is nothing to ſpeak of, or at leaſt ſo weak and 
thin as not capable of affecting our Sight, as 
we really experience in all the expanded ſpace, 
_— lies r the mo one for _—_ 
ies perperually open to the Sun's Rays, yet 
ſends dick to us ſo weak and faint a Light, that 
it ſcarce deſerves that name. 

Tho' the duration of the Twilight depending 
upon both theſe cauſes is various, yet tis cer- 
tain, that the beginning of the Motning Twi- 
light happens generally about the time that 
the Sun is not above 18 Degrees below the 
Horizon'; and that the Evening Twilight ends 
about the ſame time, or when the Sun is got 
to the like degree of depreſſion below the Hori- 
ton. Tycho would have this depreſſion of ttc 
Sun that bounds the Twilight to be 16 : 
Others extend it co 19; that is, till the leaft 
Fix d Stars become viſible. Caſſini from his own 
Obfervition, extends it only to 17 Degrees. 
Rieciolss finds by his Obſervations, that tis not 
the fame in the Morning as it is in the Evening, 
and that it is different in different Seaſons of 


the Lear. 

7 "IE SCHOLIUM. 

There is 4 Light that ſeems very near a-kin 
to the Twilight, which was firſt obſerved by 
the Quick-ſighted Mr. Caſfs;, in the Yeat 1683; 
à little before the Vernal Equinox in the Even- 
ing, and extended along the Ecliptic from th 
Sun towards the Ealt. The Obſervations ma 
afterwards by Mc. Caſſini and Fatio, evince, 
that this Light is diffuſed from both fides of the 
Sun almoſt along the Ecliptic, but ordinarily 
deflects a little from it towards the North * 

* : 


* 
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than the South. Its form is pointed on both 
ſides ; its two points being ſometimes more, 
fomerimes leſs diſtant from the Sun, ar firſt a- 
bout two Signs or a little more; but three 
Years after, its diſtance from the Sun encreaſed 
to three Signs or 100 Degrees: Its breadth is 
above 30 Deg. near the Horizon. But it can't 
be ſeen where it is broadeſt; namely, juſt at 
4 = it 1 the Circle of its — 
ts ſides are ſtreight, bating its being gibbous 
2 little 1 — about the middle, —— 
the Sun and either Point, and they are inclin'd 
to one another, ſometimes at a greater and 
fometimes a leſs Angle. This Angle in its 
mean bigneſs is about 21 Degrees. From the 
whole, it is evident, that this Luminous Phæ- 
nomenon moves together with the Sun, juſt as 
that does, thro' the Ecliptic ; which is alſo true 
of both the Points, allowing for their greater 
or leſs diftance from the Sun during the increaſe 
or decreaſe of the whole. The brightneſs of ic 
is much like that of the Milky Way, or the Tail 
of a Comet, and is pellucid like the latter; tis 
greater in the middle, leſs towards the extremes, 
and ſenfibly decreaſing, till it vaniſhes in the 
ſurrounding Blue of the Heavens: From 
hence it a to different Obſervers, accord- 
ing to the ſharpneſs of their Sight, at the fame 
Time and Place, of a different magnitude, and 
according as the Heavens are cleat or cloydy, 
and the true Twilight and brighterstars are pre- 
| ſent or abſent, it is more or leſs extended and 
variouſly terminated, and appears fainter always 
in the Morning than in the Evening. This 
light, by reaſon of the Twilight laſting all 
Night long, can't be ſeen in the midſt of Sum 
mer in the Regions about either Pole; but in 
the Morning * of the the ſame Day 
3 1 
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it may be ſeen about the middle of Winter (if 
the Moon be away.) In places near the Equa- 
tor it may be ſeen at any time of the Year. 
And in any place it is brighter, the more e- 
rect it is, in regard of the Horizon; becauſe it 
is then more out of the Twilight and Vapours 
that hang about the Horizon: And therefore it 
is beſt ſeen in theſe Northern Regions in the 
Morning after the Vernal Equinox, in the be- 
ginning of Oclober; and in the Evening, at the 
end of February; the Ecliptic along which it is 
ſpread, being then more erect in regard of the 
Horizon, (in the beginning and end of the Twi- 
light, which is then ſhorteſt) the Equinoctial 
Points being at that time in the Horizon 
The Body (or rather collection of C 
whoſt appearances theſe are, ſeems to ſurround 
the Body of the Sun in the form of a Lens; as 
Mc. Fetio conjectures. The Plane thro' the 
edge of the Lens is in the Plane of the Ecliptio, 
or at leaſt not ſar from it: The Edge itſelf is 
between the Orbits of Venus and the Earthębut 
nearet to the latter. The Particles which fill 
up this Jentiform ſpace { like the partieles of the 
Sun's Atmoſphere, of which we ſpoke but juſt 
now) ſeem to product the abovemention d ap- 
pearance, by reflecting the light of the Bun. 
Fer a Ring whhſe oppoſite Faces are: plane 
and parallel, would appear in the form of an 
Elllipſe, more obtuſe towards the Points than 
this Phænomenon. Mr. Caſſini takes theſe par- 
ticles reffecting the Sunꝭs light, contained in this 
ſpace, ſor un infinize number of Planets, ſince 
being ſeparated, they would, like the Planets, 
exett their motions about the Sun; by which 
method, this morning and evening light owes 
its original to innumerable Planeta, quit as dhe 
Milky Way does to innumerable Fix'd I 
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Mr. Fat io ſuſpects that this light is coeval with 
the World: Caſini on the contrary, that it was 
produced a littſe before the firſt Gbſervation he 
had made of it, and that it was not in being 
two ears before, ſince he had often viewed aCo⸗ 
met very intenſely with his Eyes, in the fame 
place as this Phenonienon/ ought to poſſefs. 
That it has appear d formerly, and afterwards 
diſappeared, he thinks is very probable from 
ſome ancient Hiſtories that ſeem to give à de- 
ſcription of it; but eſpecially from the Obſer- 
vation of Mr. J. Cbildrey, who no doubt faw 
it, as is evident from his deſeription, peg. 183, 
184. in the Advertiſement at the end of a Book; 
publiſhed Anno 1661. intitled Britannia Baconicu; 
becauſe it even noè in the ſame place, 
and neut the ſame Conſtellations, as it did at 
that time of the Lear. His Words are theſe: 
There is ſomething more, that we'would recommend to 

the Obſervation of the Mathemiaticians ; namely, that 
in the Month of February, and a little before and 
after it (as I have obſerved for ſeveral Years) about 
fix a Clock in the Evening, when the Twilight bas 
entirely left the Horton, a Path of Light tending from 
the Twilight towards the Pleiates; and touching ben 
as it were, preſented itſelf very plainly to my Sight. 
This Path is to be ſeen whenever the Weather is clear; 
but beſt of all in '@' Night when ibe Noon does not 
ſeine. And a little : Tum apt to believe tht 
this Phanomenon has been formerly, and will bereuf- 
ter appear always at that above-mentioned time of 
the Year. But the Cauſe and Nature of it, I cant fo 
much as gueſs at; and therefore leave it to the enquiry 
of Poſt erity. Ci! . 5 „ a 


n Q 4 PRO. 


112 The ELEMENTS Bock II. 


2 PROPOSsfTIOR IX. 

70 explain what is meant by the Poetic Riſmg 
1 and. Setting of the Stars, and the kinds of it; 
namely, the Coſmical, Achronical and Heliacal. 

In the foregoing Propoſitions we have treated 
of the true Riſing and Setting of the Stars ;name- 
ly of their aſcent above the Horizon of a cer- 
rain Place, and deſcent below it, or rather of 
a depreſſion of a given Horizon below a Star, 
and elevation of the ſame above it; and that 
without any conſideration of the Sun. But now 
the Riſing and Setting of the Stars are to be 
compared with the motion of the Sun along the 
Ecliptic, and 22 the Daylight 

and Seaſons of the Lear. For the ancient Huſ- 
bandmen, and from their traditions the Wri- 
ters of Husbandry, as alſo Phyſicians, Poets 
and Hiſtorians, have made uſe of theſe marks 
to expreſs the Seaſons of the Year by, and con- 
ſequently none of them can be underſtood with- 

out an explication of theſe Terms. 
There are uſually reckoned three kinds of the 
Poetic riſing and ſetting of a Star, The Coſmi- 
cal, Achronical and Heliacal. A Star is faid to riſe 
Coſmically, when it riſes together with the Sun, 
but to ſer Coſmically, when it ſets. when the 
Sun riſes ; ſo that the Coſmical riſing and ſet- 
ting is all one with the Morning riſing or ſet- 
ting, as if the beginning of the Artificial Day, 
or the Riſing of the Sun, were the ſame with 
that of the World. A Star is ſaid to riſe or ſer 
Achronically, that riſes or ſets when the Sun ſets; 
and conſequently the Achronical riſing or fer- 
ting is all one with with the Evening ones. 
Kepler maintains that theſe words are to be ta- 
ken in another ſenſe ; namely, fo as that to riſe 
and ſet Coſmically, ſignifies the ſame as to — 
above 


Bock II. of As TRONOK x. 233 
above or deſcend below the Horizon; but that 
to riſe or ſet Acbronically, is the ſame as to riſe 
or ſet in the Sun's 2 or in the other A- 
chron or extreme of the Night: In which ſenſe 
Prolemy, and to this day Aſtronomers ſay, 
A Planet is Achronical, when it is oppoſite to the 
Sun and bright all the Night: So that to riſe 
Achronically is, as uſual, the fame as to riſe 
when the Sun is ſetting ; but to ſet Achroni- 
cally, is to ſet when the Sun is riſing; which is 
commonly called the Coſmical ma 
A Star riſes Heliaeally, when it before lay hid 
under the Rays of theSun,ſo as that jt did rife and 
ſer together with the Sun, but now gets ſo much 
out of the Rays of the Sun, as when the Sun is 
below the Horizon the Star becomes viſible, 
hays to ſet ſoon — under — * — eg 
diſappear by the ſupervention yli 
That Star is faid > ihe Heliacally, which was 
lately ſeen above the Horizon when the Sun 
was not much below the Horizon, but now has 
hid itſelf ſo much among the Rays of the Sun, 
that the next Day being riſen above the Hori- 
Zon, or juſt ſetting below it, it can no more be 
| If there were no Twilight, this Helia- 
cal riſing and ſetting of the ſame Star (or rather 
Apparition and Occultation,) would not be + 
bove one Day diſtant from one another at moſt. 
For in that caſe a Star would be ſeen either before 
Sun-riſe, if its Oblique Aſcenſion in a given 
Horizon were never ſo little leſs than that of 
the Sup, or it would be viſible after Sun-ſer, it 
but never ſo little greater. Nay, if there 
were no Atmoſphere at all, the ſmalleſt Stars 
would be viſible even in the Daytime when. the 
Sun ſhines. For the reaſon why they don't ap- 
pear is this: The particles of the Atmoſphere 
enlightened ſtrongly by the Sun, affect the * 
0 | | O 
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of the 5 with ſo vivid a light, that the 
Retina (or whatever it be that is the Senſor of 
Sight) is ſcarce moved by the very weak image 
the Star, and conſequently can't take notice 
of it or ſee. But if there were no Atmoſphore 
ead about the Earth, nor any ſurrounding 
erreſtrial Bodies that reflect Light; if the di- 
rect Rays of the Sun were turn'd off from the 
Eye, the Eye thus free from the Rays of a Body 
either very bright in itſelf, or ſtrongly enligh- 
tened, would fee clearly (as it does now in the 
Night) even the ſmalleſt Stars, unleſs they are 
hid under the Atmoſphere of the Sun: For this 
together with the Body of the Sun, make up 
one lucid Body. Since proportionable to the 
lefler bri of a Star, there is need of a 
greater of the Sun below the Hori- 
on, to make it viſible ; tis evident that the 
Heliacal ſetting of the Sun is ſooner, and the 
fiſing later. That the leaſt Stars may be ſeen, 
the Twi-light muſt be quite over, or the Sun 
muſt be full x8 Deg. below the Horizon: For 
the ſecing of a Star of the ſixth Magnicude, the 
Sun muſt be 19%; and ſoon, till you come to 
Stars of the firſt Magnitude, which are to 
ſeen in that part of the Horizon which is to- 
wards the Sun, when the Sun is 120. The 
Planets ſhine with a brighter and fuller light, 
and therefore have no need of fo great a depreſ- 
ſion of the Sun below the Horizon, ſo that 11 
Degrees are enough for the ſeeing of Mars and 
Saturn; about ro for 44 wy and Mercury ; 
and 5 deg. are commonly look'd upon as nece 
ſary tor Venus, tho it has been frequently ſeen 
while the Sun ſhone, and not at an Heliacal 
Riſing or Setting. But theſe things in the Pla- 
nets depend upon their various diſtance from 
the Earth, and the more or leſs fullneſs of the 
Orb of the Inferior. | Al 


* 
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An the Fix'd Stars under the Zodiac, and 
the ſuperior Planets, Saturn, Jupiter and 
Mars, the Sun in its Annual Motion towards 
the Eaſt getting before chem, riſe Heliacal- 
S once, hy a little before 'Sun-rife ; 

t is, a few Rea their Cofmical ri- 

ſing: They ſet in the evening; 
namely, a ftle before — Achronical i 
But the Moon, Which always gets before t 


—its very old and to a Conj n with 
he Sun. The inferior Planets Venus and Mars, 
ſometimes g before the Sun, ant at other 


times being left behind him, (as has been , 


ſhewn at large in B. 1.) ſometimes riſe Helia- 


cally in the morning, namely, when 8 Ohh are 


Sun, 1 in the Evening; when « 4 


. 


Retrograde; ſometimes in the evenin 
they are Direct; which is to be 


like manner of the Heliacal ſetting of — 
But the Fix d Stars, plac d 2 
—_— towards the cleva 

me 


way from the 
Pole, may in the 
Day boch riſe and ſet Heliacally roger 
and undergo other changes in regard 


Kind of Ring — Þm ; a5 will appear to 
Perſon that ſhall _£ wed 


The Grecians "and —— anciently uſed a 
Year not exactly fitted to the motion of the 
Sun; and by that means ſometimes they were 
before che un, and ſometimes behind him. But 
| the Seaſons of the Year not returning with theic 
erroneous Calendar, but with the Sun and the 
Solſtices; that their Country, Domeſtic, or 
Military Affairs might be diſpatched in their 

roper Seafons, the Ancients propoſed the ri- 
ſing and ſetting of the Stars inſtead i of a Calen- 
dar. For che i Fix'd Stars moving from the E- 
quinoctial Points but very flow! „ and by a 
motion not then taken notice of, they made 


no 


1" 


2 1 
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no queſtion, but that the Sun returning to the 
ſame place in reſpect of the ſame Fix d Star, 
did alike come again to the ſame Station in re- 
ſpect of the Equinoxes or Solſtices; that is, 
when the ſame Star riſes or ſets Coſmically 
 Achronically, or Heliacally, (which they chief- 
ly regarded,) that the ſame ſeaſon of the Year 
was reftored to the Globe, and conſequently 

"that the ſame labours or affairs were to be re- 
turned to; from hence they called the ſtated 
Seaſons of the Year Sydera, or the Stars. But 
it is found that the Fixed Stars, after a long ſe- 
ries of Joon, remove out of their places; and 
therefore, if the Day of che Riſing or Set- 
ting of the Fix'd Star given among the An- 
cients is to be reduced to our Calendar, an ac- 
count is to be taken of the motion of the Fix d 
Stars in the intermediate time. And now-a-days 
Calendars may eaſily be had, and the Roman 
Calendar (which we uſe,) comes nearer to the 
Motion of the Sun, upon which the Seaſons of 
the Years depend and are ordered, than the Ri- 
fing and Setting of the Fix d Stars; the obſer- 
ving their Riſing and Setting came to be neg- 
lectẽd by degrees, and is not uſed by any 
but the Poets, who are wont to deſcribe and 
paint out as it were the ſeveral Seaſons. by. the 
circumſtances of the various Riſing and Settigg 
of ſo many Stars, than which nothing is more 
beautiful and affecting; tho it be generally done 
by them very erroneouſly, becauſe they de- 
ſcribe. at this time the Day of our Calendar by 
that Riſing of the ſame Star by which it would 
have been juſtly deſcribed in the time of Cæſar; 
whereas the difference between theſe two times 
is nearly 14 Days. 8 
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SECTION IL 


Of the Diviſion of Time, and ſeveral other 
things depending thereon. 


PROPOSITION 2 ® 


Taz Diviſion of Time into Hours, 
* 4. and Weeks, and the Terms uſed in Afro 
nding thereon. 


We chus far been explaining the gene- 
ration of tþ the Circles of the Sphere in the appa” 


rent Syſtem of the World, and the more 
Terms in Aſtronomy dependin thereon : But 
ſeeing there are tv. terms in Aſtronomy that 
occur oftener than thoſe, whereby Time or any 
ſpace of it is expreſſed ; tis neceſſary to treat a 
little concernin chem, and to ſhew, by the way, 
the Civil diſpoſition of Time, ſo far as it is 
uſed in an Aſtronomical Calculation. 
The moſt confiderable parts of Time are; = 
22 , an Hour, Month and Tear. The firſt of them 
(becauſe a ſpace of Time moſt obvi- 
we Dor known by us;) Fand it is either Natural 
or or Artificial. A Natural Day the duration of an 


intire apparent revolution of the Sun about the 


Earth. The Arrifici part of the Natural, 


al is that 
during which the Sun is above the Horizon; ; 


and it is oppoſed to the Nigbt, which'is taken 
for the Sun's continuance below the ſame: But 


the Natural Day takes in both. The Natural 


Day is either the Aſtronomical or Civil; and 
they differ from one another only as to their be- 
ginning, according to the cuſtom of the People, 

and ſettie ment of the Aſtronomers. The 


nomical Day is the {pace of time which flows 


between 


2 by the Few. | 
Night, wich we ſpend in ſleep and filence, 
ly to and 
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between the Sun's leaving a given Celeſtial 
Meridian, and next return to the fame; that 
is, the ſpace wherein a revolution of the whole 
Celeſtial Equator is performed, and of that 
of it beſides which anſwers to a portion of the 
Ecliptic, which the Sun defcribes itt the mean 
while by its Annual motion towards the Eaſt. 
Becauſe this-portion of the Equator to be added 


to the intire Equator is not every where equal, 


(tho' its mean Quantity is nearly that of- one 
as well on the account of the Obli- 

quity of the Ecliptic, as that the apparent An- 

| motion of the Sun about the Earth is not 

equable, the Natural or Aſtronomical Days are 
not y equal: But of this inequality of 
the Natural Days, I ſhall treat in its proper 
place afrerwards; taking no notice at preſent of 
this nicety.; Moſt Aſtronomers begin the Day 
: But cus following Hipparebus 


1 of the Day. The 

Jlovians begin their Day wich the Riſing of 

j _ The Few: and Athenians with the Set- 

ting of the Sun; as the aliens do ſtill, The 
$475 


0 * 


| at Midnight; which is the cuſtom of 
the Britains, French, Germans, and ſeveral other 
European nations. And angiently the ſame was 


For we naturally refer 


the 


at Midnight. The Umbri 
Noon to the beginni 


partly to the follow- 


the 
- 7 
ry 


22 4 
«a cs 
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watches; yet afterwards the Natural Day was 
divided more accurately into 24 parts, called 

Honri. Hours are either equal or unequal. An 
Equal Hour is the four and twentieth part of a 
Natural Day. This ſort of Hour was always 
uſed by Aſtronomers, and is now in uſe among 
almoſt all Nations. The Talian, reckon the 
Hours from One to 24, from the begin- 
ning of the Night; (that being the beginning 
of the Natural Bay,) and their Clocks are made 
after that manner. But We, the French, c. 
reckon not 24; but twice 12 Hours; perhaps 
that — of he Strokes firuck b 
Clock might not be tedious. So that we 10400 
the Day into the Hours before Noon and the 
. Hours after Noon. An Hour is commonly di- 
vided only into four Quaters (which are called 
Points by lome,) a more minate diviſion 
in moſt buſmeſſes unneceſſary: Zut the Aftro- 


inute into 60 Seconds. An avequal Hour is the 
ewelfch- parc of an Artificiat Day; as alfo the 
ewelfth part of the Night. Tis caltd Tempo- 
rury, becauſe. of à various in — — 
Times or Seaſons of the Year : Thus the Sum- 
mer Diurnal hour is longer than the Winter, 
and the Nocturnal ſhortet; and the Diurnal 
hour in Summer is longer than the Nocturnal, 
and in Winter ſhorter : At the time of either 
Equinox, the Dinrnal hours are mal to the 
and then theſe 
— with the equal ones deſeribed a- 
bove; upon which account theſe equal hours ars 
called by Authors Equinet Hours. The Fes 
Grezians, and Romans made uſe of theſe Tempo- 

rary hours. Such as begin the Civil Day, ar 

— — doi becauſe ho bun 
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is then in the Horizon, the moſt ſenſible of all 
che Circles of the Sphere. They have this ad- 
vantage, that by the number of their equal 
Hours they know how much of the natural 
Day, that is, how much time is gone ſince Sun 
riſe; bur they have this difadvancage, that the 
rimes of the Sun-ſet, Noon and Midnight, in 
different Seaſons of the Year, are marked with 
different numbers of the Hours, and they can't 
be known but by Calculation: They likewiſe 
have this advantage, they immediately know 
how much time — till Sun- ſet, and fo 
know how to accommodate their Labours or Tra- 
vail to it; and this diſadvantage again, that 
they can t reckon the Hour of riſe, Noon, 
or Midnight, without computing. Such as > 
gin the Civil Day from Noon or Midnight, do 
it, becauſe the Sun is then at his greateſt Ele- 
vation or flion ;' but the name of the Hour 
of Sun rife or Sun ſer, they. get only by Com- 
— Laſtly, ſuch as ſhon'd uſe the unequal 
-juſt now deſcribed, — always tell 
Sun riſe or Sun ſer by the ewelfth hour; Noon 
and t always by their ſixth; but could 
know the ity of the Hour only by Cal 
calation. 

A Week is theancienteſt collection of Dm 
ever was; as is evident from the Sacred Writ. 
ings. The Fews uſed this collection of old, and 
ſince the reception of Chriſtianity, other Na- 
tions too: Every Day of it has a name given to 
it from ſome of the Planets, after the following 
manner: The Hours of the natural Day are 
and twenty, the Planets but ſeven, and in 
order i in che common Syſtem, Saturn; Ju- 
Venus, Mercury, | 
firſt Day of the: Fewiſh Week, 
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that point of the Fe liptic was, hen the S 
was before in the ſaid Point. . This Tropi 
Year is 365 Days, $. Hong. 494 Minutes very 
2 1 wants about 21 Minutes of the Sys 
rea 
The Civil Year is the ſpace. of time, that the 
motion of the Sun or Moon, or both, points 
at, received by. rhe ſettled Cuſtom of any Na- 
tion. Hence tis evident, that there are three 
forms of the Civil Year ; namely, either purely 
Lunar, or purely Solar, or Launi-Solar, which is 
made u K b botli. The Lunar Year konſiſts of 
twelve Lunations or Synodic. Months that are 
ed! in 354 Days, at the end of which the 
begins ags again. And fince this Year wants 
=> 11 Days of the Tropical Year, that brings 
the Seaſons over again ; ir comes to paſs, that 
the betzinning of this Year fallin upon the 
Spring now, in 8 Years time would fall _tport 
Winter, and after as many more upon 
9 upon Summer, and laſtly, at the end of 33 
ears return to the Spring again. And this is 
called the Wandring Lunar Nar; becauſe its. be- 
g Watders thro” all the Seafons of the 
; Oh that in the memory of one 
I allet alſo Annus Solutus, hecauſe free a 
Fe ed from the motion of the Sun, 
iz not at all confidered in the ordering of it, This 
fort of Year is in uſe among the Turks, and 
ſeems to bg found out at firſt in thoſe Counties, 
where the differences of Summer and, Winter 
5 not very evident and ſenſible; and 1 
Nee W the return of 
* e Cxrdi of the Zodiac, that * 
ſmes the +1144 ear, is not ealily Known: Ou 
which aceount taking the Signs of the Seaſons 
from the, Moon, they took.:the ef het Be of 
their Years from the - Se of her Soles 
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or A ; now, there is no number of 
Lunations, that comes ſo neat to the Solar Year 
( which they had ſome ſmall knowledge of) as 
the Twelve. I am apt alſo to think, the reaſon 
of the beginning the Civil 1 Gag the Sun- 
fer is to be taken from the : Becauſe it 
ſeems neceſſary for them to begin the Civil Day 
with their Year and Month, that is, with che 
New Moon, which at firſt they knew no other- 
wiſe 1 the help of their Eyes; which was, 
when they ſaſt the New Moon in the Evening 
immediately after Sun ſet. And upon this ac- 
count, the firſt, ſecond, ttürd, &c. Day of the 
Month, was called the firſt, ſecond,third Moon, 
and the day of the Full Moon was called con- 
ſequently, the fourteenth Moon. | 
Such of the Ancients as were willing to re- 
tain the Lunar Year, thought it notwithſtand- 
ing proper to adapt it ſo to the Sun, that its 
beginning might be in a manner fix'd, and that 
it might keep the Cardinal points of the Year 
ſhewn by the Seaſons, from receding much 
from their Months ; and to this purpoſe they us'd 
Intercalary or Embolimean Months. And firſt, 
in the ſpace of three Years, they made up an 
intire to be intercalated every third 
Year, out of the eleven odd Days in every So- 
lar Year. Bur becauſe this arrifice was not 
exact enough, in every eight Years they inter- 
calated three Months, every one of which con- 
ſiſted of zo days, (namely at the end of the 
third, fifth eighth Year, tho ſome others 
otherwiſe,) and at laſt eight Months in 1 
— 4 Hence tis evident chat ſome of the 
ears are ſimple, namely of 354, or 355 days, 
= —_— n | 2 
ear; ſome embolimen or intercalary, 84 
of 384 days, when there are thirteen Luna- 
tions 


en — the Few: and the Clergy 
of the Ronian Communion. 
There are thee ſorts of Solar Years, or ſuck 


as are are ficted co che motion of the Sun alone 
and the ing 
—_— pb, Fulian, and Gregorian. 
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zer conſiſts of 365 Days, which 
e 30 days 2- 
five other days (called Lreghard) ad- 
6 end: of them, as was ſaid above. In 
of this Year there is no regard 
2 motion of the Moon: But becauſe 
Year wants 5 Hours 49 Minutes, or almoſt 

ours of the Solar Tropical Lear; in four: 
near a whole day before che 
one, and in 12460 Years its be- 
thro' all the Seaſons of the 
Jae fe in a manner 
2 'Year, alcho in the Age of 
or 60 ears, it does: not ancicipats 


nding the Egyprien Year to gee 
,\ becauſe the ſix Hours, 
Wants of the Fropical, are intirely 
d in its confticution'; did therefore add 
ſe 6 Hours to. each Near; fo that's 
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Near conſiſts 365 Days, ſix Hours. 
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r Yeary to 8 fourth Year, between th 
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twice; from which cuftom'the Year had the 


name of the Biſſextile. 
And this Julian Year — 365 Pays, 
— 1 in four Vears one o that af 


ſimple Years there 12 a fourth 
of — Days el 8 beſt fitted: r Aſtronomical 
putatibns; becanſe it is a mean between 

the Natural ar Tropical Year: of 365 Days, q 
Hours and 49 Minutes, and the: Sydereal Year 
of 365 Days, 6 Hors and 10 Minutes, and 
daes, 28 ir were, give an ocular Demonſtration 
of the natural regreſs of che Equinoxes. This 
form of the Year htd:common' among all Po- 
lite Nations from Auguſtus (who reftor q it when 
it was, almoſt loſt) untd the Year''r582, when 
the Julian Calendir was reformed by Gbigory t the 
XIE. . Bap it is ſtill in uſe among the Britains, 
Iriſb, and others. Net it muſt be confeſs d, thar 
the quantity of the Julian Lear is too big, on 
which account the beginning of this Near alſd 
by little and little creeps forwards in regard of 
the Seaſons, or (which is all one) the Times of 
the Equinoges and Solſtices creep.backwards in 
regard of the Days of this Yea. And fines 
— .—.— is about 104 Minutes every Year, in 
m__—_—_—— it will be a matter of-a- Day, 
quent). from the Year of Giriſt 321; 
_— the CouniciFof Nice was held, to the Year 
1784, wherein the Pope reformid' che Calen- 
Gar, namely 1260 Years, this regrefswasa mat- 
er A Days. Hence it eamé t paſs, chat 
feas in the time of the NMicess Conne the 
nal Equinox happened near abont the: a rſt 
da of Match, im the Vear 1582 lt wat found 
A INE: the 11th of A, That 
might .: thdrefore bring the Equitox to its 
former place, cen days were ſuppreſſed in the 
Montb of October, in the Lear 2 the 5th 
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Since moſt Aſtronomical Tables are now fit- 
ted to the more common Chriſtian Era, the 
other more celebrated ones are to be compared 
and reduced to it. And the firſt of them is the 
Epocha of the Creation, about. which there are ſe- 

controverſies. Some ſay theWorld wascrea- 
ted 39 -oYearsbefore the common Era ofChuift, 
and theſe ſays Geſſendas come neareſt the truth; 


whichis likewiſe approved of by the FrexchAſtro- 
nomers. Others 2 ; I Oe mile 
wins agrees. K 

Summer, from bem Als. ne. 

Year currrent before 


of the 

Clock fa the Evening, in N 
lie in s Table of the Sun, that 
ac that time che Sine beginner On , 


"The Epochs of the hepa, 0 all Profane 
ones, is the moſt Ancient and lates It 
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For the better conception of the af 
Circles in the Heavens, Artiſts preſent us with 
the Image of the Starry Heaven upon the Ce- 
teftial Globe, which i 5 a Sphere e of Mes 
tal, Papet, or kk her "er ſab , eaſy to 
de moved oles. Upon the Conven 
furface you fs * the Places of the chief 
Pix'd' Stars, ſo diſpoſed in regard of ane ano- 
ther and the Poles of the Sphere, as the Fixed 
Stars themſelves, which they repreſent, are dif 
poſed in reſpect to one another and to the Poles, 
Wont which the Heavens ſeem to revolve in 
the divrnal motion. The es. alſo of the 
Aſteriſms are drawn upon it, that theſe. Stars 
ſeem d to repreſent to the auser '- 
cher dy the force of Fancy or Reli | 

There are drawn alſo 1 pon this 
raufen al Circle exactly 9 = Na 
the two Tropics parallel to it, on each 
fide of te ar 337 Degree N 
Polar Circles at is great a diſtance from 
Poles. The Ecliptic a is drawn pray tes 


nec ion pas te ir 1 e. 0 8 8 


pears in the time _—_ the pa agar 


+ Stgiry_ themſehies, in the . 
— o made : n 2 


groty, begining: 3 Aer reprefant; 


the Vernal Equinox; — ima 360, 
* — break, but the Ecliptic into 12 Signs, 


th ks, every one 
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an Armillary the above deſcribed pla- 
ces of the Fix Stars can't be marked at all, 
excepting ſome few, that appear in the Zodiac, 
tho' they likewiſe are commonily taken no no- 
tice of; and che Prablems relating 
to the Fix d Stag e by * 
Sphere. Tho ſmce the fad Circles o 
Sphere are delintzted upon He ſurfüce of the 
Globe/'a?t "the Problems that aft done by the: 
Armillary Sphere, may be performed very e- 
by the Globe: ARA cherefore' Spheres, tho” 
great nam formerly, when che ftudy of A* 
ffenomy to revive, are very; ſeldom u 
now, but to Help the imagination: of the young, 
„To theſs/A illary Spheres there are ſorge- 
ries annex d the Planers madb to be nmor- 
viein-different Cirtles, in the order as they ate 
rxeckonet by che Aſtronomers of the Proldaic, 
Thebonicy or Ciperiries Ser. And therefore in dhe 
Prlenicre "nd "Ffchoric Sphete; the Planets ar 
carried i differ abour the Earth" 
reſt; in * Hane of ia within ths 
tops — Sherk eaven.. : 
fate chere 3 ſurface (ſha- 
dowed out by ntric with the 
Eurch, to . — N Fr len me 
and this is movatle in che e cum 8 
therefore tlie Makers do plate Ache ape 


without the com the Exrth, 
is movable —— imag pling 25 
Splieres bf this ok and 7 Globes made to 


ſo as to imitate tlie 
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mes, Whiah, & e faid before; in e true 
Meridian)! and dne degrde of the TERS then 
found under che Meridian} ſhews' 
of rhe; Pace. For che Hep ning” of "kg 
is take from'the Heft Meridian 
a Wa ft before! "Boilies; #Ek6n' from t 
Equator in the Meridihm to the gen PHE, the 
degrees of [Lacitades'Foriithe Mefidfz dvi. 
ded into four times 90 degrees, W emen 
90 begin to be numbered 5 Equator to- 
wards both Poles; the reckoning of the two o- 
ther 90 degrees From both Polss, 3 
ends in che Equinoctial under the Hori 
The Latitude is North Or South, agcerdigg 
the Place Bien i is to dle Norte er Suk of * 
"I IgE; 511740 ' nn oi v7 . 
. THo! Lonpits 
(foe find the Plate 1 
Lobk ine Büuäter for e 
Paget wy 3 tis evident that ehe Nate 
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Horizon; be of VU up che Vari- 
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mination ; that Stat from N But if the 
95 Aſcenſion of the star be dener than the 
t Aſcenſion of the Sun; fo that the latter 


op . be Suderacted from the former, you muſt 
add to it a Whole Circle or 360 degrees. —_ 
6. The Place of the Sun or any Star being | given, 
10 find its Obl; que. Aſcenſion 2 322 as al- 
© fo its Eaſtern and Weſtern Amplitude. 
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oþe Eater part of the Horizon, f hayi 


re- 
the Globe for the Latitude of the Place, 
by Froh 3. Mahd mark the.degree of the Equatar 
tha aſcends Wut ie ie; For the Arc. of the Equa- 
1915 in cepted between the, beinning of Aries 
oint thus marked 150 110 by the 
and th annexed to the ebe Ob 1 
1 of 10 Sun or 55 4 dell. 
intercepted. in the Horizon WG. ie 
Tall (that is, the Wecken of the N 
154 Horizon) and the Place of the Sun or 
7 Eaſtern Amplitude of e 2 
ou bting che 12 2 e e 
to *he Weſtern part of the 
of the Equator then ran og wo 
lique Deſcenſioti; and the Box of of the Horizon, 
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525 The fight and oblique Ale 
Stef being N 
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it be a Star, ut 75 
WD by þ 4 2 it. e being 5 


wen : And on the contrary, the Place of the Sun 
and Length of the Day being given, to determine 
«the Places on the Forth to whom. they agree. 
If you fix the Index to twelve a Jock 8 
the Sun's place j is under the Meridian, and turn 
8955 backwards till the Sun's place is at the 
ſtern part of the Horizon, the Index will tell 
you the Hour of Sun- riſe; and if the Place of 
the s Sun be brought to the Weſtern part of the 
Horizon, the Index will point out the Hour of 
Js ſerting ; the * Index will likewiſe ſhew 
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19 1 ie 1 fame more rad m 
tion cc Globe, 2 by compute 
| ncbaC, N che Mech A 
\ S OT it 
2 ſix — if che Celeſtial: Body decline from 
Equator towards the Pole that is elevated, 
or. the ſubzraRion of it from ſix hours, if it de- 
Cline towards the Pole chat is depreſſed, will 
give 9575 the continuance. of that Celeſtial Body 
2 fo : And this added to the time 
will gire the Hour of its 
from it will give the Hour 


2 Clock; 
5 of the 
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by the Meridian. - Fixing 

fition, let the Altitude and 'AZimyth 
or Star, be meaſufed by the Quidrafir-of Akt 
rude firſt fixed to the Zenith: Namely"the Al 
tieude in the lrant, reckoning” upwards 
from the Horizon; but the Azimuch in the Ho- 
ri on from South or North to the inte 
feckion of the t the Horizon. 
the Altitude of the Sun or Star be given, turn the 
Globe about till he Star arrive at the given 
Altitude, (which may eaſily be tryd by the 
Quadrant of Altitude,) and the f66t of the 
Quadrant will ſhew the Azimuth, and the In- 
dex the Hour. When the Azimuth a, = 
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Star comes to the Weſt part of the | 
and the time. wherein che Sun enters that point. 
is the Time ſought. To, had the Achronical 
Riſing, marki that point of the ;Ecliptic which 
ſets when.the Star les, and thei Time wherein 
the Sun paſſes _ int, is the:Time, ſbught. 
And if that point of the Ecliptic be taken no- 

ce of, 7 — to the Weſtern part of the 
rizon together with the Star, that —— 
3 e „che Star ow; Area. 


1 riſiag and ſetting (as Kepler would have it) 
ity. che ſame as its aſcent above tier Hori: 


Star, Vr 
And the Achronical Rifing of a Star (urhictr a0 
cording to the ſame Author dignities:a-Star's 
riſing when the dun ſets) willbe:the) fame; and 
= 4 — N.. ſame way: as 2 

Oo letting comento dhe me. ching 
with the Colmical Riſing in che common funſe. 
10. To find the time, ene F d Sar 
riſes or ſets Healiacalli. i 0197 
Since all the ird Stats ice Helizcally- im 2 
Morning, and ſet in an Evening, ton the 
time when @ given Fix d Star (or inſtance, of 
the firſt Magnitude) riſes Heliacallypithat pdint 
of the Ecliptic is to be found, which is na be- 
low the Eaſtern part of the Horizon when the 
Star riſes: For whea the Sun is in that point of 
the waf dae, is depreſſed below. the Hori- 
2on, juſt as much as.is — — 
may be viſible: when itvasg 

Horizon. To find this:by!- 
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and ſind with the Quadrant of that 
point of the Ecliptic which is elevated 1A de- 
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paſt, hen a given Fix d Star did at that time 
die or ſet) Heliaeally and conſeqtienty che 
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Sta dne degree urid {third'part art Be Ge 
proc 2 but keeping the de late 
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ee Twikghs fir 
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F 2 for the Latirude of the 


- 
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* e. Places; 


——— ud obo 
— 2 age de =? 


(Without 


will be dewrmiped, Hang winch yeu-2re to fait 
to the intermediare Places ſituated in — 
Meridian if you. would fail nearly in an Arc of 
e 
13. Given the Hour of tbe day according to d 
reckoning of ene given Place, to find the Hour 

41 that lime in another given Place; and to find 
the Place where a given Hour is reckow . 
2 


4 


— — — 
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Bring the Place to the Meridian, and the. 
Index to the given Hour according to the rec- 
koning of that Place, then turn the Globe a- 
bout till the other given Place comes to the 
Meridian, and the Index will at the 
Hour ſought. For the ſecond caſe, bring the 
Meridian and the Index to the given Hour, as 
before 3 then turn the Globe till the Index point 
at the other given Hour; and all the Places 
then under the Meridian will reckon or have 
e iven Hour of the day. 
vou are for calculating it, you will find ie 
. accurately. If the two given Places are 
under the ſame Meridian, or have the ſame 
Longitude, they will alſo reckon the ſame Hour 
from Noon or Midnight ; But if their Longi- 
tudes differ, the difference of their Longitudes 
found by the Globe and turn d ito Time, gives 
the diſtance of the Hours in oſe Places ree- 
koned at the ſame moment, ſo as chat the Place 
whictis towards the Eaſt reckons the greater 
of thoſe two Hours. In the latter caſe, where 
the difference of time is giveñ let it be con- 


verted into an Arc of the 1 And this 
Are will be the difference itude, 
which being added to — the gi- 


ven Place, if it chens the former or 
fubducted from it if the latter, Will gite che 
gitude ſought; and dll che Places cf ichs Earth 
under che Meridian huving that Longitude; 
will anſwer the. Queſtion. What is here ſaid of 
our Hours reckoned fröm Neon or Midnight, 

may —4 ne — | reduocing Ar, as 
' even Planetary Hours, * mr 

was ſhewn in Prob. rh * d 

* N Art! 8 CO | bc 

dr? Nude ; 285 TITTY 


- . 
dan 
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* 
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14. Tou Ne wherk rhe Sun ir vertical at 

a given time; and all ibe Places anberr the Sun 

at 10% bim In their Horizon rifing\ or 
Mg Yo)! i hag 300; D. 
Having reRifie the Terreſtrial Globe for this 
iactudeofy our place and the Cardinal points 
of the World, turn | the Globe about till that᷑ 
Placa become verticalz und let the Globe in 
chis phion be Ito che Beams- Uf 2þ& 
Sui Eby chechlorizon, chat hinders 
the Rayr d the Sun, J and ut one view it willaps 
pear m hat places of Harth it is Day; and 
where itids Night; here the un ia riſing and 
where its ſetting. For ſiſlce the Globe and 
Earchvit Gabs are hftar in Figure and ſimilarly 


Will ſunilar f 
pakced,/they dal de ſamlariy enightehed-by 


thd Sun, 'whbſeiimmenſe di be looks 
ich is the 


ed 1 infione. 'ThaoPlacs, w 

of che*Cirole, marked owt by po confines 
Ligheand Shade, is the Place here the Sun 
is vertical und may be determin d mechanically, 
by ſeeki thi place, where the Shadow of a 
le warty. upon the Surface 
the Globe vs tor the Foot 
of the. Style it oft It che fame things be-re> 
quired hen the Sun does nat ſhine, find. (by 
preced- Prob.) o the Meridian: of the Places 
where it is. then Noon, and in this Meridian 
take th the Earthy whoſe Latitude to- 
wards the ſame Pole is the ſame with the Sum s 
declination at that time; andi that is the placo 
where the Sun is vertical, and if it be made 
vertical, the Horizon will ſhow: the confines.of 
Light andi Shade, or all. the places where tha 
Sun appears in the Horizon ; and then tis 
to diſtinguiſh the Places where he is _—_ _ 


Wen en he is ſetting 
| T 15. Ts 


* ether chalf of the 
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1 Wn 2 el for 4 given 
of AG.: 
e — (2s thifor the-Lati- 
e of the Place and the Cardinal; points of 
oh World: Af 'befittes vie Meni: there were 
eleten other Hour Circles (that % 24 Hour 
Scrhicitoles :) \imchdvablei; ſtandingo without 
the 4dbijbe, and :2h& rehdleiGlobe, befides the 
Aic About wia 10 — enteo pellucid; 
tis eu ident that: che in the Meridian! 
would caſt the ſhadow ;of:the: Axe; npon the 04 
ther half of the: and placed in the 
One a Clock Hour Sircie afte Nobn; would 
caſt tht fliadoaw ofithe pak RN AW upon the 
Qne a Clock at Night Hour, Gin, orthe 
—— Meridian beyond he 
Poles, and ſoc un fin} the other: Hdur Circles 
It: beſides all 1 glad af lonzagacad 


Plane fh the Ind 
ne ſhewi —— ani 


81 50 TY. & 


ont by 

Meridian, the ——— 

on the horizontal Pkhane, will bein 2 the 

common. of th Meridian izon, 
whichris beyond — Es 

connecting the Geneeb wich the inte of 

the Meridian an Tlorihon: When: Sun i 


eume ta the One ock Circle, the ſhadow 
at the opake Mis projected uni the horizon 
tal Plane, will tie chat part af me nummon 56:3 
Aion of the Ona n „Clack bur CTudile wich 
the Horizontal Plane, that lies he yund the Cen- 
ter, or which-:gonnedts: che: Canter with the 
common interfect ion of the Que a/ Clock ar 
| Night Hour Birmle; and hic des theres 
fore contain with the. Meridian; —— then 
Clock line, an Angle, chat is meaſtirey by' the 
Arc of the Horizon, which id anrcepted; be- 


tween FR Meridian and One a Clock Circle 
after 


— N 
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after Noqnjpr. Wande, And aſter the ſame 
manner the, Fun, when it is at the Two a 
Clock Cirgls ater Noqn, gaſt the hates, of 
he Axa uponcthe. Horizontal Plane in 2 Righs 
fine the Center [inrerſeAton? of 
the Two a Glock at Night, Hour Circle and 
. which chereſors. makes. yh s | by Me- 
lan line an 65 . 16 ug a8 
Arc of the Hoxjzgn i ugg Loma 
Meridian and the two N anda 
ter the . ſame manner 1816hE -pther Hopr aſp 
anon the Horizontal plane xery,one of the 
2 an Angle with 9 | 
meaſured hy:;8 Arg. ot the 
. 


rn 


drawn Hori lane, 
Point ee Hon let a e be d ng 
Pl eee of the Globe, (for the 


—_— oi je geptaſents the Center of che Ea 
—— — the Center of the World 


We the, Center, draw a) Meridian line 3 k 
is,-0n6, that being N yours — 
Cardinab Points f North and 
de Cemeęr weſt an opake Right e toe = ent 
ing che Axe of che; World; 8 to the. Pole; 
that is, ſo as, in the plane of the Meridian to 
make an Angle, with the Megidian line equal 
to the Angle of the Elevation g che Pole aboye 
the Horizon of the place. Than let the one a 
Clock line after Noon be drawn from che Cen- 
ter of the Cirole on the Eaſtern) de of the. Me- 
aidian-ling-making)an Angle with it, meaſured 
the Arc 4 N -Horizon intercepted between 
me Meridian and One a Glock Hour Circle. But 
becauſe the. Hour Circles are not to be; ound 
in Globes, let ſome certain Secondary (for i in- 
. the mt be pirched ae 


let 
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let che Globe be ſo placed, chat this aſſumed 
See may be inſtead of the firſt Hour 
Circle; chat is,” that 15 degrees may be inter- 
eepted between the fix d Meridian and this af- 
ſumed one; then let the degrees intereepted 
between this aſſamed one and the fix d Meri- 
dian, be reckoned in the Horizon. Turn the 
Globe then, till the aſſumed Secondary of the 
Equator come to be in the place of the Two A 
Clock'Circle in the Afternoon; that is, till 
es of che Equator be between i it and ef 
fr Meridian, Ing the degrees of the” Horizon 
intercepted the Meridian #nd'the Cir 
numbered; let 
drawn t6 the Eaſtern de df ĩt from the 
Cebtet of the nai} „making Angles with the 
Merichan line meaſured by the ſame numbers 
of degrees, and Yhey will be the Hour lines of 
One and Two. Clock. And preceelling, after 
che fame manner muſt the Lines of the follow. 
(aug Hours be Uran, till younebome to that 
Hous that che Sui ſetstat in "ths Longeſt day: 
Where, tis evideit, cat the Hour line of ſtx- à 
Sek i perpændieulaf to tlie : Meridian line 
fince in any "Latitude whatever, there are 98 
degrees imercepted between che Meridian 2nd 
theTix a clock Hour Hine. After the fame manner 
are the Angles t be determined; hc the Hes 
of the half Hosted er any other parts of Hours 
cofitain with the Meridian line upon the Hort 
Zontal Plane. Haying dene drawing the Hour 
lines upon one fide of the Meridian, for inſtance, 
for che Houri after Neon, the. Merning Hour 
tines are to be drawn ſo, as that the Hines repre- 
ſenting the equally diſtant Hours: from Novis 
may" mike e enk Andes with che Meridian, 
but ing on the other fide. ' Aſter the like man- 
nen{by che help ef ihe +1448 *” _ 


Ele alſu med thus poſited, bei, 
Tires 
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dial be drawmiapon any Plane: For rany . 
is the Horizontal Plane of ſome e 


5 ſ 40% | . 217 10 5 71 54 3 + _ #1 4 


About the Acai DIET ER the 
ſituation and ref 211 that t Circles of 
the Sphara have ro wag angther, 732 4 

£1 ads 


# rege gte. & 
O determine by O the Plane the 
PL, 75 


Meridian Circle * 
Ahe Place being W the kotzbn is alle 
given: for that 18 etermined by the * Sight. 
And this being the only one that comes Ander 
the notice of our Senſes, the dthers muſt be de- 
termined by che reſpect they have to this; 
firſt che Meridian. Let two planes ofsVeftic: 
Circles be found by Obſervation, that a Cele- 
ſtial Body, which does not change i its Declina- 
tion, is upon, whemit is at the ſame Altityde 
before and after. its greateſt-Elevarion above the 
Horizon; the Vertical Plane biſecting the N 
gle contained by theſe two Planes, will be the 
plane of the Meridian, and produced unto the 
Heavens by the ſight will mark out the Meridian 
fought. Since ( by the fappofition) the Cele- 
ſtial Body does not change its declination, it 
will deſcribe by its Diurnat motion a Circle pa- 
rallel to the Equator : The higheſt point there- 
fore of this'Circle (as alſo of the Equator itſelf ) 
is in the Meridian Circle, and the points that 
are at equal Heights an either ſide, will be 
equi-diftage from the Meridian. Wherefore 
converſiy, that Cirele front which the Verticals, 


in which the Celeſtial Body was at the ſame 
T 3 Alti- 
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Altitude, are equidiſtant on both ſides, is the 
Meridian; that is, the Circle, whoſe Plane bi- 
ſeas the Angle — by the abovementi- 
oned Vertieaſ ii the Meridian itſelf. 9. E. J. 

As for the Practice, this is a good way enough 
of ſolving the. Problem: Upon d Plane paral- 
lel, to the Hociz Dy Fat: is, one to which. 
r (ünce the Zenith an 
n . falls when pro- 
duced, Are pet the Horizon, ! erect a 
Style, on whoſe lower extremity, as a Center, 
let a Circle he/deleribed upon the Horizontal 


lane, and let a. point. be, marked. it 
| NS pod of x” n nb 


100 We e tb 
lane, 18 Q 
3 it ſhews the Nc 
points vst Ae s. 
15 ereged , upon this line, 


2 K . 
A n ther: 


ue icular 1 55 Dre PRs is * 
ane of *t ou Ph 
leftial POL 55 40. the 1 ſoon of this 
Problem 1 is 1. 5 del it muſt be 
doe, when. not edi change 
Bis becle e 3; 1 55 ar neceſſary quali- 
fication in the 5 22 ned upon for 
this this parpoſes 2 ig one 5. Be- 
rvarkans -arg pe on. made before 


= after Koop, the Summer Solſtice is to be 
preferred, ſeeing: chat in N Solſtice, by 
reaſon of 8 to the Horizon, the 
2 PW 2 1. 1202 > 91 ROUT, | 


on : 
* . 


commodious in tis o 
fore when 
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ons will render Ve 
— — beſides, then the Su 
and Jef t obliqu e 
tical — thi is 1 Al irtidfe 3 ; which 82 : 
tion Where the'Ver 
tical is to he 1 the! Akitude: 
an is in Summer Solſtice, & 
Cirele is ti kepen the Hotizotitdt plane, 
fo as ttt the? etre bf che ſhadow: of the 
Style 'or -Ghomhorf may felt upon it, when che 
Sun alters ks Altitude pretty much, and ird 
Azimuth bit little; and therefore ſeveraf con. 
centric Circles are to be drawn, that the 1 
N choſen. - 4 * | 4 3. 
e the Meridian line drawn fer 


4.1.15 nee and petfe& In- 
operation MbaltÞ be repeated, and 
others m de aſe of to bo bee e 


others, My thoughe upon by any one: 
And arb be fr ot oF Ss Obs. 
vations, that are fundamental, nd upon which 
4. long train of others are Built. The longeſt 
— 5 moos — are n — g 
this Obſervation: - And exd of in opake ex- 
tfemity or top, in à large Building, à hole ler- 

ng he Rays of the Sun paſs thre it inte th 
Edifice, would be more Proper; as ptr 
* the Church bf St! Teen at Basie 


Diorostri Pi XVII. Bas. 
0 ae Obſervation the Height . | 
Pole and — of the 1 in by > 

fe Hite: 

"Where one of. we Poles ta: 2 confidetable 
Elevation, [N. . let the greateſt and leaſt 
Altitudes O S and Oe above the Horiten FO 
of any Fix'd Star that never ſets; ( both of which 
„ W 79 — == 

4 __ 


* 
— 
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Inſtrument fix'd in the plane of the Meridian, 
(determined by the preced. Prop.) And ES or Pe 
bat the difference Se of BEE two Altitudes, is 
e 8 of the Star from the Pole: This di- 
ſtauce,P ; therefore, or PS added to the leſſer 
Alcitude 0s; or ſubtracted from the greateſt on 
gives; OP the Height of the. Pole-loughs, I 
the. Star, when it is at its greateſt * 
ated, upon the other fide of the Zend Z, 
tween E and H; then inftcad of the gr Hence 
Akitude of the Star,,,ycu are to make ule of its 
complement to a demicircle, in che. foregcing 
ulation, ; z.. 
Great care and diligence i is to be uſed i in 
making this Qbſervarion : For upon this are 
the ther abſervatiogs of the _ and Fixed 
Stars and conſequently. all Aſtronomy is foun- 
ded., Such 2. Fix d. Star therefore is to be choſen 
28, is leaſt liable, to, Refraction in its leaſt. Alti- 
tude g chat is, the neareſt ta the Pole, which 
doęs not approach the Horizon too much: For 
che Refraction af; Stars are liable to make their 
places obſerved near the Horizon uncęrtain ; 
as ſhall be ſhewn heceafrer.., 
alf neither gi: the, Poles, be elevared enough A- 
boye the Horizon, then the thing is to be done 
byithe Meridian e of a Star, whoſe De- 
clination is known. ; as ſhall be ſhewn, in the 
Corollary to the following Propoſition. And in 
moſt places, mhEre:but fe Obſervations are 
daſſiʒund ta he made, this method 3s. uſually taken. 
But ſince the, Qbſerxvatiun of the Declination 
of the Stars, depends upon the knowledge of 
aher Height of the Pole, tis more proper to, lay 
down ſochia manner of obſerving the lattes as 
does not depend upon the former; which alſo 
muſt neceſſarily be uſed. by all cautjous Obſer- 
NETS chu deternüne the! places of the 


11g i , Stars, 


\ 
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to, 
i 
t 


Journey. made along the Meridian (drawn by 
Prop. 16.) be exactly meaſured; and by an Ob 
ſervation of the Altitude of the Pole made at 

the beginning and end of che journey, the ra- 
tio of the Arc of the Terreſtrial Meridian inter- 
cepted, to the intire Meridian be determined; 
the Circumference of the intite Ferreſtrial Mei- 
dian will not be unknown: And conſequently, the 
Earth's Diameter, and. from thence (by Geo- 
metry,) its Surface and Solidity will be known. 
- . .;Befides, becauſe in practiſe, a journey taken 
under any Meridian, or the length of the Way, 
3s every where very nearly proportional to the 
change of the Elevation of the Pole by Obſer- 
vation; tis evident that the common Section of 
the ſurface of the Earth, and of the plane of any 
Meridian is a Circle, and conſequently _ the 
212. | gure 


182 Me REM ZNK TES Booki, 


figure of the Earth is Spherzeal. Wo abſtract 
no . the 4 elevatioty at the Equator, 
eee Prop. $1. B. 1) which in 

way Are ape will be inſem 
W An N. 41 1899. 3 Nn 


| 3 20 3 * 4 4 111. 05! 77).L 
21 Deen ene 1 2123: 


125 r . Declinatipn of ny nga 


Nod ans: 
Meridian Altude of the Star | 
poles te olerred. If the Stat be in the qua 
at 2 Hof the Metidian [L g. 6. that "the 
Dquacoe'®.& interſects the Meridian in, 7 wy 
the difference of the- Altitude of 
HE and de che Akitude of the Stat Ho 15 5 
A K Derlination of che Star forlght. 
Star be in the e Zo of the 
Meridian, in which the Pole P is, as it's 
then the difference of the Altitude of the Pole 
pi and of c Altitude of the Sti DS, (name- 
by} Ser the difknhnee of the Sear iröm the 
Pole uy —— f 2 — of the Declination 
* Rec At All nete boi the actual 
making the Oblerrations and tHe conſtructioh 
of tlie Inftruments, in hien: the chief diſfictil. 
ry of theſe thin conſiſts. For we ſuppoſe the 
Maker very wall 'verſed in Pra re 
Mechanic and Optic And it evident thir'it 
will be moſt" eomm̃edious for ay one that is 
about to detertninꝭ the Phices'of the Fix d Stars, 
to have a Quadrant or father à Semicireſe lin- 
cirely immo vatie in che Plane of the Meridia 
and divided inte Peg and their ſeſſer parts 
according t& art tand an Index moving upon 
its Center, furmmed wich Teleſeopic Sighes, 
for the ready menkſuring the Meridian Al ads 


. Star, hen ir comes to ehe 2 
eri- 
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For 2 
nation of the Stars is of great e 
Nai. b Ut S019 1 
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f "As the Declinarion of an Heavenly 
is found by the Elevation of the Pole 


2 


quator, and the Meridian Altitade of the Ce- 


leſtial Body being given; ſo, on che cbntrary, 
the Elevation of the Pole or of the Equator 

1 by the Meridian Altitude and De- 
Jawica of the Star being given. For in the 
quadrant ZE E, the ſum or difference of ch 
Lines Ho, Ey gives the Elevation of the Equat 
tn HE. But in the Quadrant Z po, the 
ar difference of the Lines OS an&P'$ gives th 
n che Pole. e 


jy 


| yo eg Tran XIX. rd 
22 — the Inclination c the Ecliptic to the 


9 
wal 

r or the Obliquity of the Eeliptic, ani 
ly that of the 


— Naples and Polen, rel} quator. 
17 T1 'Polars, in the E 2 
Er che Sun's Declination: 15 y obſteved : 
about Salſtices: (by the preged.) This, 
Where it is greateſt, N uity - the E- 
the 


ſought. © For fance | 4. —. 
as big as the green Dech 


way of the 
1 of the he, zany, ſo big is that of the Ecliptiy 
22 the one deing obſerved, 


Ra — from che preceding Praxis, the De- 
= — 2 Celeitial Body can t be obſerved, 

encepting when that Star is in the Meridian; 
if.che Solſtice fhould to be celebrated 
when the Sun is not in the Meridian of the 
Obſerver, (which: will generally happen) there 
will de ſome error ; but ſo ſmall as to be not 


worth regatding. For we gave inſtructions 


that 
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that, che Declination ſhould be taken any Noon; 
and conſequently. the greateſt error will be 
when the Solftice is celebrated at ye 2 
that is, at that point of time which is moſt re- 
mote from Noon. The error therefore, when 
it is greateſt, will be equal to what the Suh's 
Declination 12 hours before or after the Solſtice 
wants of its greateſt Declination: But this does 
not ariſe to above four Seconds; tho the Obli- 
quity. it ſelf is not: determined to a minute, of 
eve two, by Artiſts themſelves. Of the Solſti- 
that is to be choſen, in which the Sun may 
be hel obſerved. without any danger of error, 
in this regions near the North Pole, the 
Summer Solſtice; becauſe the Sun in the Winter 
Solftice, even at Noon it ſelf, is not out of all 
danger of Refraction; which is a matter of ve- 
great moment in this kind of Obſervation. 
There are ſome. places, where to find the Obli- 
quity of the Ecliptic, it may be adviſable to ſub- 
tract the Meridian Altitude of the Sun, when in 
one of the Solftices, from its Meridian Altitude 
in the other, if the Sun in both caſes be on 
the ſame ſide of the Zenith; but if on different 
les, from the Complement to a Semicircle of 
latter Meridian Altitude, to have the di- 
ſtance of the Tropics remaining, half of which 
is the Obliquity- ought. an 007 een. 
Jo get the Obliquity of the Zodiac with 
great exactneſs, Obſervations continued for ſe- 
yaral ears, fays the skilful and induſtrious 
Hewelius, and: ſuch as are compleat on all ac- 
counts, —. — your larger Inſtruments, and 
ſuch as may be depended upon, are neceſſary. 
And upon this acgount it is that now-a-days; 
when Iaſtruments are both great and accurate- 
ly divided and fumiſhed with Teleſcopic Sights, 
chere is a ſenſible difference obſervable a 
£03 tne 
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the Obliquiries of the Zodiac ſer down by af; 
Ferene Artiſts. - For Heveliur makes it 24053. 
200%. The fate does Riccrolus i his Reformed 
Aftronomy. "Mouton, who has writ almoſt an en- 
tire Book this Argument, chooſing, after 
ſeveral repeated Obſervations, the middle be- 
tween the extremes, fixes" Upon 2387. 30. 28 
Nirciolu: in his Ahnageſt ddès ost ſome ſelect 
Odſerrations: This is What Mr. Street alſo, itt his 
Aﬀrononiis Caroline, Tets doi, and moſt Aſtrb- 
nomers now make uſe- of. © "Norwichft 1 


Mt. De 1s Hire,in his Aſtronsm. Tables, Part 5 
the Motions'of the Sun and Moon, makes it an 
tire minute leſs; namely, only 23. 29,3 and 
tar from Obſervations near the Zenith, and 
out of: all danger from Refracion. < 
And wee dhe judgment of the Ancients 2. 
bout chis matter confulted; ſo great a difference 
would be fond between the iquity obſerved 
therm arfiithat rakeft from we Heavens now: 
ſome Authors have thought ie to be chan ge 
ble, beſides the change mad imit twice a: Jet 
which weden t here diſpate- abeüt, becauſe 
moſt inſenfiblvs:- Since from the time * Al fur. 
rl the Samian; who flouriſſied near 4 —. 
before Chrild, it was reckom d to be ab 
But in Har s time, about 140 Years : 
Chriſt, nor above: 23% 57. And again, in 
blbategniui s time, abe Years after Chriſt, 
only 2387. 45% * And 7 Jcho 05 his Obſervations 


makes it to be but 2 46”. Yer che*mott 
induſtrious obfervers” 1 50 the preſent preſent Age, wilt 


have it,norwithſtatiding, to be conſtant 3; name 
„ Gaſſendivi; Riotivlas; Horroz and Hevelini, Whg 
not think; in his Prodremys, that we © 
to depend ſo much upon their Obſe 
ſince they did not make ufe of the beſt — 
ons; nor proceeded in the ſhorteſt 6 4 
ay, 
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May, ſome ſome of che. Ancients; and Profemy himſelf, 

Almageſt,chink fo too; Albasgvius for the 
an reaſon Jag 2 E oh. qo Ob- 
vations. to thoſe. of the Ancients. And Gaſ- 
ſendus in the Life, Peirerlius, Lane, by ſeme 
Obſervations of his own making, that the O. 
liquity of the Zodiac is the ſame. now-a-days, 
as it was in the time of Alexander the Great; be- 

© he found by an Obſervation made at Ma 
Tallin by himſelf, chat the ratio of the Gnomon 
to its ſhadow at Noon in the Summer 


was the ſame with that obſerv d in che ſame Gi- 
ty at the ſame time of the Lear ehe * 


ee the the peinejn the Heavens, where te 
Ecliptic intes Equator are they, is 


DRY: the San dope: when go 2 e- 
2 ts to an Obſerver, :to-whont 
cpa is elevated above the Hori- 
his cherer the ſituation of the Eelip 
bic, dar n the Equator: in the ſaid 
be inclned to the Equator in the 

Nags tore e.gdetermined, 

orth 


half of t tending to 
Pole, in which -the Sum a when che 
Dayy ace longer ithen che Nights. to: che inhabs- 
of the Northern Hemiſphere of the Earc 
The ſituation of the Ecliptid being given, the 
ſicuation of the Tropics is immediate) given; 
becauſe they are parallel to tha; Equator;-and 
touch the Edlipticy.and are as far from the Equa- 
tor as the Objdquity: of- the:Bielipria is great, 
and the Polar Circles areas far diſtant from 

the: neareſt Poles. 4 The uation af the Cor 
— is deduced fνjẽH]ↄ hene, for they pab 
the Equinoctiab and Solſtitial pairs found 
F and interſect one another atſright ang les 
in dhe awe already nem - Qbſerva- 

ion. 10:7 e at dees TY 10. "a 

R O- 


ck iR FAS AON DNT. 3887 
|  PROPOSEFION XX—— 


Tz? 2.24 * 72 "_ 22 


ns 
pr to which eh des re 


determine t ace 

„ e —4— 
et E ,\ (Figs 

whote Pole is F the 

of one of t 


Equino 
the Ecliptic, ro which 5 


yu e <a 
Dy A8 7 


of the _ in 2 Ecliptic, ny an 
* a1 


Wa. right « 
Beos, a e F The 


aber ROY U 
— FN — e 


cent Pole is: In Fs manner KOO Se ER 


15 7 whiph, 
m—_—_ 2 ETD: 
cle, and heme 


either the Right, Aſcanhan, 

nlement 8 e er 

or an intide Citi 
= 


neo, that the * nn : makes 
with the Circle 6 


The converſe of ;this-is — — 
ner: Let we are to take notice, that there,, 
two paints afthediglintc,whoſe 


wards the given Pole is — there 
41 ſort of 6—— * 


$775 = 7105 


225 5 5 7225 Ei 
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rA To N 8 I” N 
' 85 0 Srcrion V. 8 g 
of the Fix'd Stars, and the determining 


their Places. by obſeryation, 0 _ 0- 
— _—_ chat belopgylere ory 
| 6 ProroetriON 1 XXI. = IC 


© explain the ſeveral Orders le R Si, 
into whith they are divided:on account of me 
ent *« og gang ere give * 
cut th di %% gie 
In ſome of the epreceding Propoſitions we as 
taid down'the-method, wherdby-chs poſition of 
= chief Cirgtts of the Sphere are determined 
iu re Nn Horison; namen e 
& Meridian, Equator, Zeke; bech Colarts) 
pics 1 1 Polar Circles: We — now 
ſhew' the way, how the Places of che Fix d 
Stars in e theſe Cirtles ars to be found. 
But be fo we muſt Tree about 
the Fix d star themſelves, 
order. : 
And fiſt, chere appears A — difference « 4 
mong the Fixed Stars as to their a Mag- 
nitude and efficacy of theit Rays, to any one 
that ſhall bus lk up to the Heavens in a clear 
dight when the Moon does tiet ſhine: On this 
account Aſtronomers have made *fix*Claſſes; or 
> mag of them, the greateſt of which they cal 
Stars of the firſt Magnitude ; ; the leaſt, Stars of tbe 
Kab, and the intermediate in the ſame order. 
Some make the difference to lie in the real 
itude of the Stars, — of them 
really bigger than others, wlule they are 


to 


them 


my e . 


all equally * placed according to 
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them in the ſame Spherical ſurface: Others fol- 
towing the Ancients, make their different diſtance 

to be the cauſe of theirdifferent Magnitude. 
And this opinions very much favoured by 
the number of the Fix d Stars of the firſt and 
ſecond Magnitude. For if every Fix'd Star 
did the office of a Sun, to à portion of the 
Mundane ſpace nearly equal to this that our 
Sun commands, there will de as many Fix d Stars 
of the firſt Magnitude, as there can be Syſtems 
of this ſort touching and furrounding ours; 
that is, as many equal Spheres as can touch 
an equal one in the middle of them. Now, 
tis certain from Geometry, that thirteen 
Spheres can touch and ſurround one in the 
middle equal to them, (for Kepler is wrong in 
aſſerting, in B. 1 of the Epit. that there may 
be twelve ſuch, according to the number of the 
Angles of an Icoſaedrum,) and juſt ſo many un- 
controverted- Stars of the firſt Magnitude are 
taken notice of by Obſervation. For Aſtrono- 
mers are not as yet agreed upon their number: 
Hevelius reckons the bright Star in the' Eagle's 
Shoulder of the ſecond magnitude, whereas Tycbv 
made it of the firſt ; and on the Contrary Hewes 
lius makes the little Dog and the rigbi Shoulder of 
Orion of the firit magnitude, and Tyebo of the 
ſecond. And there are others that Hevelins 

himſelf doubts ol. al $827 46 547 
Again, if it be asked how many Spheres equal 
to the former can touch the firſt Order of 
Spheres, ſurrounding the Sphere placed in the 
beginning, (or rather a Sphere comprehending 
thoſe former thirteen together with a fourteenth 
in the Center ;) the number of thefe will be 
found to be 92, or 41 13. For the centers of 
theſe Spheres of the ſecond Order are in a Sphe- 
rical ſurface, 2 of that in which 
| the 
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the centers of the Spheres of the firſt Order 
touching the inmoſt are, ſinee the Diameter of 
the one is double that of the other ; and nearly 
as many Fin d Stars of the ſecond magnitude 
have been taken notice of; Hevelins making 
them to be about 50; Kepler following Tycho, 
58; and Prolemy not above 45; now we aſſume 
the middle between them: For there is a 
greater difference among Aſtronomers about 
Stars of the ſecond magnitude than about 
Sears of the firſt. Nor will there be any 
great difference from Obſervation in deter- 
mining the number of the Fix'd Stars of the 
other magnitudes aceording to this method. 
For the farther conſideration of this matter, it 
only remains that we ſhew, that there is the 
ſame Order obſerved among the Fix d Stars of 
the ficſt rank, as there is between the central 
Bodies of the Spheres touching and ſurrounding 
the inmoſt Sphere (near whoſe Center the Eye 
is placed;) and the ſame between che Fix d Stars 
of the ſecond magnitude, as there is between 
the central Bodies of the Spheres ſecond in or- 
der from theſe; and ſo on. And here indeed 
the matter does not go on ſo well, (which made 
Kepler of another opinion,) as is evident even 
from hence, that upon the firſt caſt of our Eyes 
upon the Heavens, ſome tracts of the Firma 
ment appear fill'd with innumerable Fix d Stats, 
whereas others are found to be almoſt empty 
and void of any. TY 

But there is no great error committed in 
the order of the Stars of the firſt and ſecond 
magnitude, as. will appear to any one that 
makes a iſon: For there are ſix Stars of 
the firſt magnicude in che Zodiac, three to the 
North, and four to the South, nearly, as it ought 
to be according to this Theory. = J 
5 | | PRxo- 
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PROPOSITION —_— 


T 0 b r which the 
Fi: Stars are diſtribut 6 onder. 
1 The 8 Saw N the Shape and 
Ot the on a in, 
by Religion, have A bare al the Fix- 
ed Stars viſible in our Temperate Zone, into 48 
Images: Twelve of which are ſituated along 
length of the Zodiac, and give names to its 
Dodecatemories : And there ate in the Northern 
half, Aries, Taurus, Gemini, Cancer, Leo and Virge ; 
in the Southern, Libra, Scorpio, Sagittarius, 
icormis, Aquarius and Piſces. The other Images 
are placed in the Hemiſpheres ſc d from 
l the Zodiac: in the Northern 
21, namely the little Bear, tbe great Bear, Draco, 
Cepbens, Bootes, the Northern Crown, Hercules, 
Fra, Cygnus, C Perſeus, Andromeda, the 
Triangle, * ns Pegaſus, | 2 Dons Sa- 
itta, Aquila, Serpentarius, Ser peng. Lo theſe were 
n I the Conftelladions of Antinout 
made oN m4 unformed LO near 4 6 oP 
tween Capricorn and Sagittary, 0 
Coma Berenices out of the bed ones near 
the Lycu's Tail. Ptolemy makes Antincus belon 
to Aquila, and Equuleus to Pegaſus, On th 
Southern part of the Zodiac there are 15 Con- 
ſtellations known to the Ancients, namely Cera, 
Eridanus, Lepus, Orion, che Great Dog, the Little 
Dog, the Ship Argo, Hydro, the Cup, Corum, the 
Centaur, Lupus, Ara, the Southern Crown, and Piſces 


2 

| To theſe are lately added 12 Conſtellations, 

that are inviſible to us, beingnear the SourhPole, 

namely the Phenix, Grus, Pave, Indus, Apus, South 

Triangle, Muſca, Chameleon, Piſcis wolans, Toucan, 

or Auſer Americanss, Hydrus, Xiphias or 2 
| 2 There 
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There are ſome other Stats, which are not with- 
in the compaſs of the Images deſcribed, or re- 
ducible to them, theſe therefore they call Un- 


furmed ; and out of theſe, ſome of the more con- 


ſiderable Obſervers of the Fix'd Stars,make now 
and then ſome new Conſtellations, and give 


them proper names. Thus the Accurate Mr. Ed- 


mund Halley, who firſt of all obſerved with ex- 
actneſs the Stats near the South Pole, while he 
was at St. Helena, has taken this liberty, in form- 


ing a new Conſtellation into the Image of an 
Oak, out of the unformed Stars that lie between 


the Ship Argo and the Centaur, and conſecrated 


it under the name of Robur Carolinum, or the 


Royal Oak, tranſlated into the Heavens in per- 
petual memory of the Preſervation of King 
Charles II. inthe hollow thereof. Thus Bartſchias 
in his Globe of four foot diameter,has two other 
new Conſtellations, the Camelopard, and the Mo- 
noceros, that Hevelius retains. | 

But Hevelius himſelf has gone farther in this 
matter, and has made up more new Conſtella- 


tions out of the unformed ones, than any of the 


Moderns beſides, as is evident from his Firma- 
ment; where he has placd Leo miner between 
Leo andUrſa major,and Lynx between Urſa ma- 
jor and Auriga above Gemini; the Canes Vena- 
tici after Urſa major and under its Tail; ſo that 
what to Tycho was an unform'd Star between 
the Tails of Helice and Leo (afterwards call'd Cor 
Caroli by the Engliſh,) by Hevelhs is ſaid to be 


in Annulo Armillæ Charæ, or Collar of Chara ; the 


Lacerta or Stillio between Andromeda and Cyg- 
nus; the Sextans Uraniæ between Leo and Hy- 
dra; Scutum Sobieſciannum between Aquila and 
Serpentarius; Vulpecula cum Anſere, between 
Aquila and Lyra under Cygnus ; Triangulm mi- 
nus between Triangulum Poreale and the Head 


of 
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of Aries. He has altered ſome of the ancient 
Confſtelations a little, and added others to them; 
as he has armed Antinous with a Bow and Arrow, 
Who was before unarmed, and placed Cerberus 
above the bending of Hercule a left Arm, and 
Mons Menalus under the feet of Bootes. The 
Conſtellations are ſet in the places deſcribed, as 
2 continuation ot the ancient Fables. of the ad- 
jacent Conſtellations, leſt he ſhould break too 
much in upon or diforder the Rules and Judg- 
ments of the Aſtrologers, or to per te the 
memory of ſome noble Action. 
Others again are for giving the Stars new 
Names, ſuch as are Cbriſf ian ones; a: ſpecimen 
of this we have in the Venerable Bede in the 
Signs of the Zodiac; and Fulius Schillerus has 
continu'd-in his Cælum Stellatum, or Starry Hea- 
ven, publiſhed in the Year 1627. This deſign 
has been very juſtly diſapproved. of by Coperni- 
cut, Tycho, and Hevelius in his Firmament, and o- 
ther Aſtronomers, who think the ancient names 
ought to be retained, for fear of confuſion, 
and by degrees loſing the Ancient Aftronomy. 
For by this method, which has been conveyed 
down to us from the original of Aſtronomy, 
we obtain what was of the greateſt importance 
in this matter ; namely (as Copernicus ſays) that 
ſo vaſt a multitude of Stars might be diſtinguiſhed 
into parts, and that theſe may have ſome names to 
| expr es them by. 

The Via La#ea,or Milky Way, comes under this 
head of Conſtellations ; for the preſent Age has 
found it to be a collection of innumerable little 
Fix d Stars, as ſome of the Ancients believed, as 
Manilizs informs us: Tis a broad Circle white 
like Milk, compaſſing the whole Heavens; ſome- 
times in a double, but generally a ſingle path, 
paſſing thro' Caſſiopeia, Perſeus, Auriga, the 

"0 Feet 
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Feet of Geinini, Orion's Club; the fore parts of 
Monoceros, the Tail of Canis Ma _ 
Navis, Robur Carolinum, Crux and feet of 
Centaur ; after which, it is divided into two 
parts, over againſt Ara; its Eaſtern part paſſes 
thre Ara, the extremity of the Tail of Scorpio, 
the Eaſtern foot of Se anus, the. Bow 
of Sagittarius, Scurum Sobieſeianum, the feet 
of Antinous and Cyg where its greaceſt 
t joins the other : But the Weſtern part paſ- 
es thro 3 of the _ — 
the Right Serpentarius and Cygnus ; 
ends ir contle in Caſſiopeia, where Maniliu: 
ins the deſcription of it. There are other 
er diviſions of the , the which may be 
ſeen in Hevelins's Firwament. There are alla 
two Nubeculs ſomewhat reſembling the Milky 
Way, ſituated near the Sourh Pole, inviſible'in 
e, and called by Sailors, che mic 
Claudi, are like the whicgnefs of the Ga- 
lazy, as Mr. Halley aſſures us; and being view'd 
by a Teleſcope, they preſent us here and there 
with little Nebulz, and ſmall Stars. The greater 
of theſe two is ſituated between Hydrus and 
Dorado, the leſs between Anſer Americanus or 
Toucan and Hydrus. ö * 


PROPOSITIOR XXIII. 
"= HE Theory of tbe. Sus and 6 Pendulum Clock 
being given, to determine the Right Aſcenſion of 

the Fix d Stars by obſervation. * © © 
Having explained the difference of the Fix'd 
Stars, as well on the account of their apparent 
magnitude, as of the figure of the Conſtella- 
tions, into which they are commonly divided; 
what remains is to ſhew the method of deter- 
mining the Place of any of them, in regard of 
the Circles of the Sphere, whoſe ſituation has 
* 
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been determined before, and firſt in regard of 
the Equator; for which purpoſe, we have ſhewn 
how to obſerve the Declination of any one of 
them in Fre. 18 ; it remains therefore that we 
find the Ris he Aſcenſion: But, becauſe the be: 
che Equator, from whence the Right 
Cope of the Stars is reckoned, is its inter- 
ſection with the Ecliptie; in which, 5 
mm or once a Tom. 1 
our Spring, yet it preſently d 
fo from-chence, and . that point obſ 
marked out by no appearance that may 4 So 
under the cognizance of oyr Senſes; and laſtly, 
fuch an one =s that the Afcenfiens of th the Stars 
cam t be immediately deduced from thence b. 
Obſeryation ; ſome 388 Hy ow ap 
to be hed upon, whoſe t Aſcenſion is 
given Lon moment, that the Right Aſcenſions 
— Lp roy; wh be obſerved — And 
the freſt for this purpoſe is — 
— my ets motion is the moſt ſimple, 
its Right Aſcenſion is quickly —_ by by Prop, 
its — in the Ecliptic being its 
Theory therefore be given, chat is, i its place 
in the Ecliptic at a given time be given, and a 
Clock alſo whoſe Index moves round equably, 
the Right Aſcenſions of the Fix'd — may be 
thus obſerved. 

Firſt, let the Clock be * ſo, 155 that the 
Index over the 24 Hours, during the 
time =, A. Fix'd Star, departing — the 
Meridian, returns to it again, which is a little 
leſs than a natural Day. Let he Index of a 
Clock thus order d, be ſet to twelve a Clock, 
when the Sun is in the Meridian, and let the 
hour the Index points at, be taken notice of, that 
the fix d Star whoſe Right Aſcenſion is ſoughe, 
comes to the Meridian at. Let theſe hours and 

— parts 
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parts be turn d into degrees of the Equator and 
their parts, as. was ſhewn before: And you will 
have the difference between the Right Aſcenſi- 
ons of the Fix d Star and the Sun; this added. 
to the Right Aſcenſion of the Sun, gives the 
Right Aſcenſion of the Fixed Star ſought. E 

If in the Clock fitted to the diurnal Motion of 
a Fix ' d Star, inſtead of the 24 Hourg, there ate 
placed 360 Degrees, and their Sexageſſimal 
parts, and if while the Sun is in the Meridian, 
the Index be placed to · the nuniber of Degrees 
and Minutes, the Right Aſcenſion of the Sun 
then conſiſts of; it will then point at the Right 
Aſcenſion of the Fix d Star, without any far- 
ther reduction, whenever it arrives ati the Me- 
ridian. r Ari < 20131712300 
: | sf ; | . _—_ P 1 f ' 
PROPOSITION XXII 5 

TJ" HE Declination and Right Aſem of one 

| Star, and the Declination of; gnother tage- 
ther with their Diſtance being given, to find the 
Right Afcenſion of the latter; amd vice verſa, to 
find the Diſtance of two Stars, whoſe: Right Aſcenſi- 


om and Declinations are given. es 


Let E. Q repreſent the Equator, { fg.) whoſe 
Pole is P; and the Stars A and B, whoſe Decli- 
nations CA, DB being given, their Comple- 
ments alſo are given, or the diſtances from the 
Pole, namely PA, PB, and by ſuppoſition, 
the Diſtance AB of the Stars is gwen, Where - 
fore · in the Triangle 4 PB, the Sides being gi 
ven, the Angle 4 pP will be found, and conſe- 
quently its meaſure the Arc CD; namely the 
difference of the Right Aſcenſions of the Stars 
A and B, which therefore added to, or ſubtra- 
cted from the Right Aſcenſion given;of one of 
them, (according as the Circle of Declination 
paſſing chro this, is to the Eaſt or the Weſt of 
”; * 353 [+ 
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the Circle of Declination paſſing thro' that,) 
gives the Right Aſcenſion ſought of the other. 
And on the contrary, the Right Aſcenſions 
of the Stars 4 and B being given, the difference 
of them CD is alſo given; that is, the Angle 
CPB, whoſe meaſure that Arc is: And in the 
Triangle 4B, the Sides P A, PB, the Com- 
plements of the given Declinations, together 
with the Angle AP R contained are given the 
other Angles will conſequently be found, and 
the. Side A B the diſtance of the Stars ſought. 
Alter the like manner you may ſind the Di- 
ſtance computed in a great Circle of two pla- 
ces ãn the Surface of the Earth, whoſe i- 
tudes and Latitudes are given, and the Angles 
which that great Circle (which anſwers the 
common Celeſtial Azimuth) makes with both 


1 PRO POSTTIo& XXV. 

o determine by Obſervation the Right Aſcenſim 
A. of given Star, by a Phenomenon viſible by 
day and night. Sant gl 
Let the Declination of the Phznomenon vi- 
ſible by, day and night, be obſerv'd (by Prop. 18. 
and the diſtance as. well from the Sun as from a 
Star; the latter in the night, the former in the 
day. From the Declination of the Phznome- 
non, the Diſtance from the Sun, and the Sun's 
Place, the Right Aſcenſion may be deduced, by 
the preceding; from that and the Declination 
of the ſame being obſerved, together with the 
Declination of the Star and Diſtance from the 
Phænomenon being obſerved, the Rignt Aſcen- 
ſion of the Star ſought may after the ſame 
manner be found. & E. 


SCH0- 
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SCHOLIUM 


The Ancients, who had not an accurate 
meaſure of Time;(fach as Prop.24 .requires, their 
Fes, the inſtruments they made uſe of, 
— falkacious,) ſought aſter the places of 
the Fix'd Stars by the Moon, taking the diſtance 
ings Equ — — aq * — 
to the Equator or Ecliptic 2 
Giſtance of a Star from the Moon a nights, 
from whence they concluded upon the diſtance 
between the Star and the Sun, and conſequently 
the Sun's the diſtande of the Star 
the beginning of the Ecliptis. © 
The Moderns, inſtead of the Moon uſe 
Venus, becauſe its Diameter being lefs will 
make the error leſs in obſerving the diſtance ; 
and becanſe the Moon's place comes often t 
be obſerved by the places of the Fix'd Stars 
firſt corrected, that its Theory ny be corrected, 
which is not as yet accurate, elpecially about 
the Quadratures, which was the times that the 
Ancients made thefe Obſervations in; and alfo 
becanſe the Motion of Venus is neither fo 
ſwift, nor ſo uncertain. Therefore it will he 
beft to obſerve Venus in its greateſt Elongati 
from the Sun, when its Motion is nearly eq 
ro that of che Sun; and when by reaſon of 
their Elevation the Sun and Venus are leaſt ob- 
noxious to Refraction. In making theſe Obſer - 
vations ſpecial care muſt be to repeat 
them, as well when Venus js to che Eaft of che 
Sun as when it is to the Weſt, ſo that by theſe 
different Obſervations conſpiring to determine 
the ſame place of the Fix d Star, the true 1 
may be at laſt certainly had. Riccialus is for 
uſing Sirius inſtead of Venus, which, as he ſays, 
ſhines ſo bright as abour the Equinoxes is viſible 
above eight minutes before Sun- ſet in _— and 
. ter 


— 
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afcer Sun. riſe in Seprepvber. But both Regulus and 
Sus have beeri obſerved by the naked Eye 
in che Meridian, white the Sun hone, oy thy 
demy 


Aſtronomers of the French Royal Aca 
Sciences, even when the Sun was elevated above 
the uncertain Limits of Refraftioh: Which 

be done. every day in any of the brighter Fir d 
Stars by the help of the Teleſc 


PAO Oo XXVI. n 
E Hei 'of the Pole, Hour Noon, an 
Place tbe Sus being gv Pas, rhe 
efticude u Aub of a Sthr be known by Ob- 
— vo Nu Right Aſcenſion and — 
TH r | ; | y 

Let P Nd repre ſetit che Meridian; | fo. 9. 
HAO the Horizon, whoſe Pole is the 2 00 21 
ER. the Equator, whoſe Pole is P; S the Star: 
e which we are to imagine che Vertical 
Citdle'Z $4, and Circle of Declination PSR 
to be drawn. In the Triangle SZ P, there arg 
| che Side Z P, the "Complement of the 
tion of the Pole OP, the Side 28, che 
Complement of the Akitude of the Star 8 4+ 
and 'the Angle 5 Z P, chat the Arc 40, giver 
by the Azimuth, meaſures; therefore the Side 
PS, the Complement of the Arc RS, of the 
the Angie 27s, — — — 
n PS, an its Meafure, 

B A Arc ER. But ES 


te 


and Star be on diffe eridian; 
or difference, if on the ſame, is the difference 
of che Right Aſcentions of the Sun and Star. 
9 3 N Fo s Aud 


| 
| 
| 
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And the Sun's Place being given, its Right 
Aſcenſion (by Prop. 20.) is given ; conſequent] 


the Right Aſcenſion of the Star ſought is alſo 
become known. 
85 PRO OSITIOR XXVII. 
O find the Longitude and Latitude of a given 
Star. 


In Figure 10, let E Q repreſent the tor, 
whoſe Pole is P; EC the Ecliptic, whoſe Pole 
is B; the Point E the common interſection of 
theſe Circles, the beginning of V or ; & the 
given Star, thro which the Secondaries BSL, 
PSA, of the Ecliptic and Equator are to be 
inagined to paſs. And the great Circle PBC 
connecting the Poles is the Colure of the So 
ſtices. Let AS the Declination of the Star be 
found (by Prop. 18,) then you will have its Com- 
12 PS; and (by Prop. 23 or 25) EA the 

ight Aſcenſion of the Star {at leaſt from the 
given Aſcenſion, the Right Aſcenſion E 4 will 

given,) from whence you will have its Com- 
pliment 2.4, and the Angle PA, whoſe mea- 
ſure it is. Therefore in the Triangle B PS, there 
are given the Side P $ and the Side P B, namely 
the diſtance of the Poles of the Equator and 
Ecliptic equal to the Obliquity of the latter, 
together with BPS, the Angle contained by . 
them; the Side BS therefore is known, and con- 


ſequently its Complement S L, the Latitude of 
the Star ſought. The Angle PBS alſo will 


be found, or CBL the next to it, and its mea- 
ſure the Arc C L, and therefore its Complement 
LE. But this Arc either is the Longitude itſelf, 
which is ſought, or its Complement to one, 


two, three or four Quadrants. N 
In like manner, by the ſituation of 3 Star 
in reſpect of the Ecliptic being given, its ſitua- 

tion, 
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tion, in regard of the Equator will be deter- 


mined. 


Feber XXVIII. 


H E Longitude and Latitude of two Stars, and 
the Diſtance of the third from both being 
given, to find the Place of that third. | 
Let CE D (in fg. 11.) repreſent the Ecliptic, 
whoſe Pole is P; A and B the Stars, whoſe Lon- 
gitude and Latitude are given, thro which let 
the Circles of Latitude PAC, PB D be ima- 
gined to be drawn: The Arc of the Ecliptic 
C D is the meaſure of the Angle CPD, con- 
tained under them, the difference of the given 
Longitudes, and conſequently is given. In the 
Triangle AP B, the Sides PA, PB, the Com- 
plements of the Latitudes C4, DB, and the 
Angle APB, being given, the Side 4 B, and 
Angle PB A will be found. Again, in the Tri- 
angles 4 B, all tile Sides being given, namely 
S A, S B, the diſtances of the Star S from the 
two Stars A and B being given, and AB be- 
ing firft found, the Angle 4 B $ will be found, 
and conſequently S BP, the difference of this 
and PB A found before: And laſtly, in the Tri- 
angle SBP, two Sides BP, BS, with the 
Angle SBP contained between them, being 
given, PS will be found, and conſequently 
ics Complement ES, namely the Laticude 


of the Star S; and the Angle BPS, and its - 


ure DE, namely the difference of the Lon- 
gitudes of the Stars B and 5, to be added 
to che Longitude of the Star B, that the Lon- 
girude of the Star S may be had, if PS E be 
more to the Eaſt than PB D ; but to be ſubtra- 
cted, if more to the Weſt. There are other 
caſes of this Problem, according to the vari- 


ous 
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ous ſituation of the points 4 and S, but they 
are ſolved after the fame manner. 

And after the ſame manner, if the ſituation 
of the Stars A and B in reſpect of any other 
Circle, for inſtance the Equator, be given; 
that is, if their Right Aſcenfions and Declina- 
tions, and Diſtance of the third from both be 
given; the ſituation of it, in regard of that 
Circle, will alſo be given. And theſ things 
are done on the Earth after the like manner. 


ProPOSITION XXIX. 
O deſcribe the method of making a Catalogue 
of the Fix d Start; and to I an Foo 
the chief Perſons who have done ſo, and the meth 
they uſed; and to make a Celeſtial Qlabe. 
every ſingle Star of a Conſtellation be de- 
ſcribed in order, according to the place it has 
in the Conftellation ; and over againſt each ſer 
down the Longitude and Latitude thereof, 
found by Prep. 27, and then annex its Magni- 
tude. If there be ſeveral Stars in the ſame part 
of the Conſtellation, (for inſtance, in the head 
or the hand) let them in the deſcription be di- 
ſtinguiſned into Northern and Southern, and 
into ſuch as precede, are in the middle or fol- 
low; where ſuch as are ſituated toward the Weſt 
are ſaid, by ſuch as follow Prolamy, to precede ; 
or ſuch as poſſeſs the preceding parts of the 
Zodiac, i. e. nearer to the beginning of Aries; 
chat is, ſuch as precede in the Diurnal motion: 
They are alſo diſtinguiſhed by ſome by the Let- 
ters of the Alphabet annex d. If there be any 
remarkable Star in the Conſtellation, which has 
a peculiar name, this name alſo is put down ; 
as Arcturus in Bootes, Re in Leo, Syrius 
in the Great Dog, Cc. er the Stars proper 
to each Conſtellation, the unformed Stars about 
| 18 
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it are annexed, deſcribed after the like mati« 
ner by the nearneſs of this or that part (about 
which they ftand,) together with their Longi- 
tude, Latitude and Magni 3 
The firſt that attempted to reduce all the Fix- 
ed Stats into a and determine their 
Places, was Hipparebus of Rhodes, about 120 Years 
* 7 e p 2 
to do 4 thing that God bimſelf did not approve of, to 
tell — the Stars y 4 Poſterity, and reduce 
2 to a St 4. 200 "ris my gg 
that Tymocharis  Ariſtyllus left e 
* about this matter, made 180 Years 
3 5 Maenelaus alſo the Geometri- 
cian, in the firſt Year of Trajan, obſerved ſome 
places of the Fix d Stars at Rome. After 


theſe, Clendiut Prolemy, about the 140th Year of 
Chriſt, began to e and commit to Wri- 
ting, ſome things about the of the 


Fixed Stars in con/equentis ; the ogue of 
perchus, which riſes to 1026 Fix d being aul e 
tained in regard of the place as to Longicude 
and Latitude ; nor have we any Obſervations 
22 — 2 
to us by Ptolemy. aregnius Syrian ha 
done the ſame about the 880th Year after 
Chriſt : For in che Book that he has given the 
title of the Scievee of tbe Stars, Chap. 52. Pag. 
202, he ſays that he has added 1x degrees and 
half and a third part to the places in which he 
found them to be deſcribed in Pralemys Book. 
For neither the Perſen nor Aſtcong- 
mers, nor , who is later than any af 
hats, 33 Wie Fix'd Seart, but reſted 
with. O Hipparchus, only | 
adding in the — the portion 
of the Motion, which was made in the mean 
while from them all; of which we ſhall ſpeak 
hs | here- 
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hereafter. Copernicus reckons the Longitudes of 
all the Stars fromthe preceding of the two in the 
Ram's Horn, which he calls the Firſt of al, and 
which, by conſequence, are the ſame in all 
Ages, tho the Longitude of this firſt Star from 
the Equinoctial point continually increaſes. 
All theſe Aſtronomers in the determining the 
Places of the Fix'd Stars, for the moſt part, 
made uſe of an Armillary Sphere, or a part of 
it, (which they called an Aſtrolabe.) Its de- 
ſcription may be ſeen in Chap. 1. Book 5. of the 
Great Conſtruction. This Inſtrument being fitted 
to the Latitude of the Place and the Cardinal 
points of the World, they placed the Armilla or 
Hoop repreſenting the Ecliptic, in the day time, 
by the help of the duns Rays, (whoſe place they 
| knew by the Theory of it,) in ſuch a ſuuation as 
the'Ecliptichad then, in regard of that Horizon; 
then they obſerved the place of the Moon in 
the Ecliptic, by the help of a movable Circle of 
Latitude in the Aſtrolabe. The next Night, 
by the help of the Moon, (whoſe place found 
before, they corrected according to its moti- 
on performed in the mean while,) they placed 
this Zodiacal Armilla in ſuch a ſituation as was 
agreeable to the preſent moment of time, (as 
before they had done by the mediation of the 
Sun; ) thus they obſerved the Longitude of 
each Star reckon'd according to the Ecliptic, as 
they had before obſerved in the day time the 
Longitude of the Moon (looking along the 
moveable Circle of Latitude,) and its Latitude 
by the help of a moveable Sight in the ſaid Cir- 
cle. You may ſee this method of Obſerving, 
fully deſcribed in Chap. 4. Book 7. of the Great 
Conſtruttion of Ptolemy, and in Chap. 14. B. 2. of 
Copernic. of the Revolut. e a JE ET 


C . 


Tho 
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Tho the\- Ancients thought the Moon was 
abſolutely necefſary to determine the plages of 
the Stars in refpe& of the Equinoctial and 
Solſtitial points, and togecher with theſe the. 
moſt ous Copernicus Chap. 14. B. 2. ſays 
thus i - For without - ber thete end be no way 10 
clmprebend the places of the Storz, ":heeauſe- ſhe a- 
one of them- all portabel of Dey and Night : But 
Cardan, in a wich he- enticles: Suppie- 
mentum Almatiack, (after he had told us that the 
Fix d Stars were to be compared with the Moon 
during a Lunar Eclipſez-becaufe the Moon's 
Place in reſpect of the Sun, is at ſiich a time beſt 


known, becauſe oppoſite to the Sun s;) very 


happily ſubſtitutes Venus inſtead of the Moon 
in this affair, becauſe ſhe is both a day and a 
night Stat, and has ſome. other advantages, 
mention d in the Schel. of r] ggg. 


The nett after Hipparebut, that obſerved che 
Fixed Stars themſelves a- new, was Ulugh' Beighz 
the Grandſon of. Tamerlane the Great. He ſays 
in the Preface, that he obſerved all that could 
be obſerved, beſides 20. in the South. This Prines 
died about 1449, and ſet down in his Catalogus 
( tranſlated into Latin by Mr. Tbe Hyde) the 
Stars places for the Year of Chriſt 1437. 
At length in the 16h Century appear'd:t 


he. At- 
las of that Age, the immortal Jyebo Brabe who b 
indefatigable labour and pains obſerved a-frefl 
all the Fix d Stars that are eaſily ſeen above the 
HForison of Upaniburgh. And at the ſame time 
William the moſt illuſtrious ave of Heſſe, 
actempted the ſame great Work at Caſe), and 
wich his Mathematicians Rothman and Byrgi 
continued in it for above 30 Years. He — 
for the Longitude and Latitude of the Fix'd 
Stars by Calculation, from the Right Aſcenſion 
and Declination firſt — by the method in 
* | | P rop. 


——_ 


— , TY I -- - 


——_ 
8 » 


Prop. 27 3 as Tjeba lures us in Chaps 2. Part 1. 

Piog yen. pag. I n tho he does not intirely ap 

ptove of ie, baqaiiſe. of the difficulty of reckon- 

ing the time exactly from Noon, which tho 

often times tried by himſelk, by making Clocks, 

and other ways deſcribed in the before quoted 
mat 


Ch. of che 2 4, yet never ſucceeded. 
according to Ns wiſhes. But tho the Obſervati- 
ons of the Prince doh t extend to above 400 


Fix d Stars, and wete made by ſmaller Inſtru- 


yet Hevehus its Prod. Aſtro. prefers them 


ments, 
to tho labours of Tyebo himſelf, becauſe in his 


opinion, : the Prince and his Obſervers uſed 
more diligence than Tycho and his fellow Ob- 
ſervers. The Prinde a rds performed this 
buſineſs by the help of Venus; but Tyehbo, tho 
2 x. Frag ymnaſn. he charges Cardan 
wit 


an error in ſettſing. the plage of the more 


| Southern and Bright Star of the Scales of Libra 


by Venus, greater than it is in the. Alphonſine 
Tables; nevertheleſs confeſſes, that it aroſe 
from hence, that tha ſituation of Ven was not 
at) that time well determined by Numbers: 

after tlie matiner deſcribed in Pr. 25. Inſtead 
of a ZodiacaliArthilla uſed by the Aneients in 
obſerving che di Longitudes of he Fix d 
Stars and their Latitudes, Hebo fer very good 
reaſons, ſubſtituted the Æquatorial Armilla 

by which he. might obſerve the differences of 
the Right Aſcentians/ and the..declinarions out 
of the Meridian, the. Meridian Adtieude bei 
always made uſa ot ta confem: the others. Al 
the other cautions, Which this moſt diligetit Ob- 
ſerver took in this Affair; may be ſeen in Ch 2- 
B. 24 Pyag ymn. Thie Rlaces of ſome of the Fix d 
Stars being: anze- did down, found by the me- 
thods already delivered, he. detesmined the Pla- 
* 4 ces 


ww 
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ces of the gtherStars which were near the Echp- 
tic orEquator,after the manner related inProp.24- 
He ſought the Right Aſcenſion of any unkngwn 
— ? m_ whoſe places were already verified, 
— of the ſame Star 
— . — 2 2 little different from one a- 
nother, he always took the mean for the true 
one without any heſtation: Afterwards from 
che Right Aſcenſion and Declination of a Star 
he computed its Longitude and Latitude. As 
for the Stars about the Poles; he deduced 
from the former by the the Praxis deſcribed-in 
Prop. 28 ; cho he veriſied the Place thus found 
by obſerving diſtance from a third Fix d Star 
. . And „ he never 
reſted ſatisfied wich the Place of a Fix d Star 
determined only by one obſervation; but 
end of them by the methods deſcribed Pay 
y his Equatorial Armilla, and by the Prons 
23 down in Prop. 23, making uſe of the be 
wy being meaſuring the time; Quickſilver an 
being Chymically re reduced into powder, 
— ſhewin e time by its running thro a 
little hole; 21 which 7 may ſee accurately 


deſcrib'd in the P 
Hebes Catalogur 7 7 Fix'd Stars made with 
ſuch care. and - diligence as this for the Year 
1600, and taken from the Heavens themſelves, 
at laft came forth; in the Year 16103 in Afran. 
3 af And ar wards in the Near 
1627, copied into the Tables, and 
increaſed b by 223 Stats from ſome other obſer- 
vations of 5 3 ſo that this Catalogue in the 
Rudolphine Tables "ſes to the number of a thoy- 
fand Scars. Kepler has added a ſecond Claſs of 


Fixed Stars, that Tycho left out of the ancient 
leg os, repeated and corrected 
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bjoins a third containing 12 Celeſtial Images, 
which are inviſible in our Northern tem e 
Tone. Theſe he has put into his Ca 
being named by the Portugueſe, and — by 7 
Peier Theodori. Tis generally reported that theſe 
Southern Conſtellations were 'afterwards ob- 
ſerved by one Frederick Houtman, à Dutchman, 
und the Celeſtial Globe of Bleau correRed accord- 
ing to choſe Obſervations. But the Celebrated 
r. Edmimd Hilley was the firſt that took that 
peine about — as became an Aſtronomer, 
while he was at St. Helena, and publiſh'd a Ca- 
talogue of 350 Southern Fix d Stars to the Year 
1677 compleat, which is a true Sapplemem toTycho's 
Calalgue. He: obferv'd the Biſtances of the 
unknown Southern Stars from ſome of Bebo 's, 
and calculated their places from the aſſumed 
places of ſome of the Tyebonie ones (by Prop. 28,) 
adding alſo the diſtances themſelves, which he 
had obſerved. fl . 
he next after Hebe, that preſented the 
World with an intirèe Catalogue of the Fix'd 
Stars of His own, was R. P. Ricriolus, in Aſtron. 
Reform: Lib. 4. to the Year of Chriſt 1700 com- 
pln Bur this Caralogue containing as many 
Stars as Tychv's, is taken from Tychos, excepting 
in tor Shave, which are All chat he had obſer- 
ved in the Heavens. In the others, he recedes 
a little from Tycho, and has copied Tycho's 
manifeſt errors into his o, retaining at the 
fame time ſome Stars as were Teally ered by 
Hebe, but were: not 'viſible in * time of 
Kicciolus, as Heveling has obferved in Prody. Aﬀtt. 
p. 133. and the following. | 
Laſt of all came put a A 
Stars, by the'Tllaftrious Fo. Hevel; 


- 


of thi Fix 
. Dantsith, 


containing 1888 in all; namely 950 known 
"oy the Ancients, ny which he calls his own, 
becauſe 


Book II of AzTRONdMY. 309! 
becauſe they were determined: by none before 
himſelf as they ſhould be by proper Inſtruments, 
and the 335 of Mr. Halley, inviſible in the Ho- 
zizon of Banta ick. In the making of this he ſo- 
lemnly profeſſes that he had no regard to the 
obſervations: of any Auchor, but entered upon 
the work, as if there were no Catalogue at all 
in being. Nay, he intirely laid aſide all other 
foundations, and compoſed a- new the Theory 
of the Sun and Solar Tables, founded intirely 
— his own. obſervations. And laſtly, he 
cerely declares, that he has borrow'd nothing 
of any body, or put inta his Catalogue the Place 
of the ſmalleſt Star, that he himſelf had not ob- 
tained by his different Diſtances and Meridian 
Altitudes.. K TETEVRS A 
Hevelius drew up two ſuch Catalogues, the 
firſt or larger, containing as well the Longi- 
tudes and, Latipdes, as the Right Aſcenſions 
and Declinations, to the Year of Chriſt 1660 
compleat; to which are annexed the Places as 
to, Longitude and Latitude, reduced to the ſame 
Year, of the Fix'd Stars obſerv'd formerly by 
Tycho Brahe, the Prince of Heſſe, Ricciolus, Ulugh 
Beigh-and Prolemy ; the ſecond or leſs, exhibiting 
the Places of the lame Fix d Stars as to Longi- 
tude and Latitude, to the Year of Chriſt, 1700 
compleat ; to which he has annexed Mr. Halley's 
Catalogue of the Southern Stams, partly corrected 
as to their Longitude, from obſetvations at 
Dantzicł, and reduced to the ſame: time: So 
that the larger Catalogue preſents us at the ſame 
time with the Catalogues of all his Predeceſ- 
ſors ; by which means it is evident at ſight, how 
far che obſeryations of them all, agree or diſ- 
agree. To theſe he ſubjoins a Table of the Right 
Aſcenſion — ſeveral Fix d Stars 
2 + 34 Nasen :$ 32. S 1» > 
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to the Years. of Chriſt 1660 and 1760, with 
their diffe rences for that hundred Years. 

By the help of ſuch a Catalogue of the Fix'd 
Stars as this, a Celeſtial Globe may be eaſily made: 
For the Ecliptic and its Poles being marked out 
upon the ſurface of the Globe, let the places 
of the Fix'd Stars taken out of the Cuta- 
be in like manner marked ont according 
to their Longitude and Latitude in regard of 
that Ecliptic, draw alſo the tract of the Milky 
Way, thro' the places of the Fix'd Stars, thro 
which it paſſes ; and add the Equinoctial Cir- 
cle, cutting the Ecliptic in the point aflumed 
for the beginning of che the reckoning, and the 

ſite point, and duly inclined to it; 28 


o let the Polar Circles and Tropics, and the 
other neceſſaries be added; of which we have 
ſpoken before in Prep. 13. And to this very 
purpoſe did Hevelius deſign his leſſer Catalogue, 
and from hence did he deduce his Uraenography 
or Tables of all the Stars dran upon a Plane, 
which was publiſh'd in the Lear 1690, under the 
Title of the Firmament 7 Sobieski. For they dif- 
fer no more from a Celeſtial Globe than Maps 
do from the Terreſtrial; Theſe 'Urayographic 
Schemes of the Conſtellations are delineated in 
Plano, juſt as if the convex part of the Heavens 
were ſeen by us, as it is in the Artificial Globe, 
as was uſual among ſuch as went before him, 
and made Catalogues of the Fed Stars. He 
ſays that Bayer; who in his-Uranometry attempt- 
ed the con , thougbtleſly in vkrted all the Stars ; 
and. that, by bis Figures be did but diſorder the 
whole buſineſs of ib Heavens; and that, ail the 
Stars which are placed em the left band in the'Globes, 
appear om the right band. 
The making of n Celeſtial Globe by Heveh- 
%; Firmament is much eaſier, becauſe the Figures 


of 
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of the Gihſtellations are very\apely deliceated 
in it, tagt with! che Milky Way, and — 
different Streams as it were. ut we 
the moſt ample C e af the 11 U 
Stars from Mr. Flamffeeds DO ns, Whiah 
have been continued for feivergl Years wich this 
view, and made with large Infirumcns, and at 
the ſame tims very fb for tharipunpoſe. | 946+ 
-'DxopOsrTION MIN! 
TG er i atone of ſame ofthe betet 
1 1 . e Fee er 
Store. 9:29 - TIT Toh {s «1 imme 


So long e Age of Hi onerchivy, 13 new 
Stara — 2 > d ones. And this, 
fo Phiny ns ns 3 ef Doſe a | 
E upon namibering. 4X Ars & 
rity, and reducing them to ſeme Rule —— 
one Iv alſer ding tbe Places and Aagni- 


whether any ot 1 f. fſex away hn hd ug Motion; 
as alſo whether they increeſed ir . Ln 
vent left in domman totbem aul. 

And the Wietiolar reckotu no ef ir 
new Stars between this and that famous ene, 
which appenred in 0 4 in the Near 1592; 
yet ſincetheywergeither ſcaree obſetved at all, 
or by Petſons nat her: shild, there ber 
maim any any ching to be ſabd ofrhem. 

This new Star in Ca „ ius to the 
in the Heavens, appeared about 
— beginning vf November, in the Near 1572, 
and continued until March in othe Near 1504. 
This, juſt as chat of Hippardbus, was the occaſion 
of Ty 7cbho's: 2 the Fix d Stars, again, with 
new "and large Iaſtruments; as he informs us 
-himſelfin the . res ew 
oy this Fix d Star. 


3 in 


— Bodkl. 


In Auguſt 1596, David Fabricius: diſcover'd a 
New one of the 3d magnitude in Cetus, wane 
diſappeared about two months after. 6 
In ch#'Year 1600 x New Star 2 — rite 
breaſy of ' Cygnus; firſt ſeen by others, but af- 
terwards by Kepler himſelf, who has written an 
Aſtronomical account about ir. This continn'd 
of the ſame magnitude vi. the 30 until the Year 
1659, as Hevelius aſſures us N (who had - 
ſerved it from the Year 1638, with 8 
ſtruments,) but from the Year 1659 it ſenſibly 
decreaſed ; and about the latter end of the 
Years 661, it incirely- /diſappeared. - Vet five 
Years after, namely in September 1666, 759 7 
obſerv'd it again with his naked Eyes, of the 
Ich or s magnitude, retaining the flame " 
inqhotHheaveds preciſely. 

In the Year 1604, about che beginnin 
Ocbober, a New Star was {een in the right Foot 
oß Se ius, which bigger than 
ter and almoſt equal to Venus: It continu- 
A whole Year; becauſe it was not ſeen af- 
ter October in 160%. Concerning this Kepler has 
written Bool fun * Aftrological and * 
diſputes. © 7511. fle 236% wg: 
It was che Milky Way char. ſed. us 
with theſe three New Stars; 'namely-in-Caffio- 
peia, Cygnus, and Serpentarius; it has there- 
fore on that account been called by on the 
Fund of new Stars 3 $14) enn? 
There have been ſome dier New Stam h- 
ſervedi na in che Lear 16 aiithat in the 
belt of And by. Seren Marius, who is the 
KAuthef of rhe" Worth wpiter; and another in 
Antinous by Tufts Byrgins and others. 
In che Year r638, Jabs Phoeylli det Holunarda 
of Freue quer obſerded à New Starvin rheWhate's 
neckof the 34 „ or bigger. 9 Je 
| iſap- 
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every Year, andchen appear'd, but 
not always exactly at the fame; time, (tho Bul- 


thinks otherwiſe,) and afterwards was 
Inviſible for four ears, is fully evident, from 


the Hiſtory of it written by Hevelins and jam 


nexed to his. — and from his Climacteric 
Mar. Mr. Ceſſini has found by Obſervation, that 
the ſame * of this Star return at the end 
of 330 days; but fo as that this return is ſome- 
times retarded or anticipated by 15 days. This 
Star ſeems to be the ſame with that, which F- 
bricius obſerved; in the Year 16185 ; for their 
Places are the ſame. E 
In the Neat 1670 in Hevelius diſcovered 
a New Star of the 3% magnitude under the 
Swan's head; bo, in his Catalogue reduces it to 
his Vulpecula; but it as lefſeng ſo much in a 
| ſhort ſpace of. time, that about, the end of 4. 
gut 1671 it Was — extingniſhed: But 
next Aarch it appeared again, at firſt like a ve- 
ry ſmall Star, but by degrees it increaſed to one 
of. the third magnitude, and afterwards grew 
lefs again ſenſibly as it did before; and in Sep- 
tember neee and was ſeen 
no more. 
Not only New Fix'd Stars Sede s make 
their firſt ap ce, but others of the ſixth, 
fifth and fourth.magnitude, known by the An- 
cients and obſerved by Hebe, have intirely va- 
niſhed, inſtances of which may be frequently 
met with! in the Catalogue of 'Hevelius. He him- 
ſelf mentions four in Fred. Afr. namely a Star in 
the left thigh of Aquarius, the contiguous one 
— — the Tail of Capricorn, the ſecond 
of the Belly of che Whale, and the firſt of the 
unſormed ones after the Scales of Libra. 
There are alfo other Obſervations which have 
l about them by che French Aſtrono- 


7 mers. 
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mers. And even ſome conſiderable Fix d Stars of 
the firſt, ſecond and third magnitude are found 
to alter their brigheneſs and magnitude ſenſibly; 
as is evident from the different ſentiments of 
Authors about Stars of the firſt andſecond, or 
of the ſecond and third 2 That Poſte- 
rity may be more capable of judging about they 
change of the more — e Fix d Stars, 
with greater eaſe and leſs miſtake ; Hevelius in 
his Prodromus has drawn up ſeveral things tend- 
to that obſerved by himſel. 
"Pg over other chan the Fix'd Stars 
obſerved by the help o a Teleſcope, ſuch as 
are thoſe ſaid to be Uſcorerts lately by Mr. 
Caſſini ; namely that ſome, as for 
firſt of Aries 24 the pregeding bead of Ge- 
mini, ſometimes appear ir divides. each into twe 
equal to one another, and diſtant from one * 
nother the-length of he diameter of either of 
them; others, às ſome of the Pleiades and the 
middle in Orion's Sword, appear triple, nay 
e ſometimes. For thoſe Phnomen 
beſides that are not to be ſeen by the — 
Eyes (of which we only treat at tm 
to have another original, and 2 79 75 Are 
to be cane — place. * 
12117 


(PROPOSITION XNAT., * 

O define the true - of the ow 
Points, or the motion of the Nd Start in ron 
ſequentia ; and to determine from a given Catd- 
logme of the Fix'd Stars, the 25% ped Fix'd Str 
n een en * 
| us of old, 1 Prolemy OD 1. 
Book 7. of the Great ConflruZion, from a compa- 
riſon whictr he made of his own Obſervations 
with thoſe of Ariftylus and Thmocbari:, ſu- 
ſpected that the Stars of the Zodiac had am 
tion 
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tion 5» conſequentia : But Ptolemy from a com 

riſon. of the Obſervations o archus * yoo 
others, with his own, has enpreſly aſſerted it of 
them all, and that it is made in Circles parallel 
to the Ecliprig ; which he>proves in ſeverabef 
the more conſiderable Fi d Stars, Chap. 2, and 
3, comparing their places in regard of the E- 
quator obſerved by ſuch as lived before him and 
by himſelf. And he finds that this pre 


ogreſlire 
motion is one in an hundred ears. A 
bategni«s from the p 


laces of. s obſerved 
by Menel.izs and Himſeif, — al of 785 


Tears, gathers in Chap. 52 of his Book of the 
Knowledge of tbe Stars, that the motion ＋ the 
Fix d Stars is one . degree in 66 . Years. Ulugh 
Beig b, comparing his Obſervations with ſuch as 
were made a 
determines in 


lc with what Ulugh 


— 


— 
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For every Year therefore, forward from the 
the Year to which the Catalogue is fitted, add 
50“ (the middle round number) to the Longi- 
tude of the Fix d Star found by the Tables, and 
you will have the Longitnde fought : The Lati - 
tude in the mean while continues invariable, 
ſince both the Fix'd Stars and the Ecliptic in the - 
Heavens are immovable, and only the Equator 
(originally a Terreftrial Circle) being looſen'd 
as it were leaves its ancient ſeat. But for eve+ 
ry ſingle Year, backwards in reſpect of the gi- 
ven Catalogue, ſubtract 500 from the Longitude 
in the Tables, if you would find the Longitude 
for ſuch a given time. But if the order of the 
given Catalogue be ſuch, as that. the Longi- 
tudes of each of the Fix d Stars are reckon d 
from the firſt Star of Aries, (as it is in Coperni- 
cuts Catalogue of the Fix d Stars, as alſo Clavi- 
's:'s, and of ſome annexed to the Caroline Table,) 
to the number of the Longitude in che Tables, 
(becauſe continuing always. the ſame) add the 

Longitude of the firſt Star of Aries (which at 
the beginning of the Year 1701, according to 
Hevelins is 299. oo. 58”, and it is to be increa- 
ſed by 50” every Year afterwards, but leſſened 
by as many for every Year before, as was faid 
before) for the time given, and: you will have 
the Longicude ſought from the Vernal Equinox, 
caſting ＋ 360 degr. if che ſum exceed 
that. But if the Right Aſcenſion and Decli- 
nation at a time given be required, what is pro- 
poſed may be done by the convene of Prop. 27. 
from the Longitude and Latitude found for the 
given time, as before. * 


. j 


7 


3 * 


Book III of ASTRONOAHN. 527 


| SECTION VI. e 
Concerning the reſolution of the more con- 
ſiderable Problems of the Firſt Motion by 
Calculation. . * a r 
| PadrosITION XXXII. 5 
T O determine ' by ohſer vation the difference of 
1 the Meridians or Longitudes of o Places gi- 
ven upon the Surface of the Earth, and to make 4 
Catalogue of the moſt noted Places of the Earth, with 
theit Latitudes and the Differences of their Meridians, 
and to make a Terreſtrial Globe. 54 25” ve 
Let any inſtantaneous Phænomenon (as the 
beginning or end of a Lunar Eclipſe, or of an 
Eclipſe of any of Jupiter's Satellices,) be obſer- 
ved by Obſervers in' the given Places, noting 
the hour in both Places: difference of the 
hours converted into an Arc of the Equator gives 
the Difference of the Longitudes or Meridians 
ſought. ' And that of the Places propofed is 
more toward the Eaft, that reckons more hours 
after Noon; But if they reckon the fame, they 
are under the fame Meridian. For fince the 
ſame moment of time has differing names as to 
the hour in theſe two Places, Noons of 
theſe Places or any other hours of the ſame 
name, will be as diſtant from one another, as 
theſe different hours in the ſame Place; and 
conſequently the Arc of the Equator intercept- 
ed between the Meridians of the Places is right- 
ly found by allowing 15 for every hour. This 
interval of Time is called the Difference of rhe 
Meridian, appoſitely enough, becauſe it is fo 
| In 
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In like manner, if a Clock that ſhews exactly 
che hours at one of the Places be carried to 
the other, to be compared with another ſnewing 
the hours there; the Difference of the hours 
reckoned by the Clocks, converted into an Arc 
of the Equator, gives the Difference of the Lon- 
gitudes fought :* For thus, as in the former 
caſe, you know the interval between the hours 
reckoned at the ſame moment in the two Pla- 
ces. For the Clock, that is tranſported, is ſup- 
poſed to ſhew the hours after the ſame manner, 
25 it would have done, had it continued in its 
„ "IRS more noted places that are 
put into a Catalogue, add the Latitude pro- 
per to it, expreſſed by the ſame number 6f 
degrees (by Prop. 7, ) as is the Altitude of the 
Pole obſerved there by Prop. 17. Add alſo 
in another column the Difference- of the Meri- 
didns expreſſed by hours and their parts (found 
by what has been ſaid before) of the Place pro- 

d and of the Place aflumed, together with 
the mark of Addition or Subtraction, according 
as the Meridian of the one lies to the Eaſt or to 
the Weſt of the Meridian of the other. * 

The Laritudes of the Places and the Differen- 
ces of the Meridians being given, tis eaſy to 
make by them a Terreſtrial Globe: For the 
Poles and a great Circle upon them being 
drawn upon a made for that purpoſe, 
which will repreſent the Poles of the Earth and 
the Equator, chro the Poles draw a Circle re- 
preſenting the Meridian of the Place (to which 
the Meridians of che other Places in the Cata- 
logue are re ferred,) and in it mark out a point 
diſtant from this feigned Equator, as many de- 
grees as there are in the Latitude of the Place 
ſer down in the Table; and that point — 


/ 
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therefore repreſent the ſaid Place. Any other 
Place is to be put ia a Circle paſſing thro' the 
Poles, between which and the dans alrea- 
dy ſettled, there are as many degrees of the 
feigned Equator (and that according as the ſe- 
cond Place is, towards the Eaſt orWeſt,)as there 
are in werde irene of 2 Dane 
above; and as many degrees the feigned 
Equacor towards either Pole, as there are in 
the tabular Laticude of that Place. In like man- 
ner, the ocher more noted Places are to be 
marked upon the ſurface of the Globe. The 
intermediae.or 1 A noted — are 

the common Chorography, Itinera 
making uſe of the LES for — 
Son; for this is more * obſerved than the 
Difference of Longitude. The Globe being thus 
finiſhed, either the Meridian of our own place, 
or any other paſſing chro the Azores or any of 

Fortunate Iflands, may be reckoned for the 
irſt; 1 the degrees of the Equator are to 
reckoned. from ch. interſection of it with the 
Meridian. (or bs gp oe x towards the Eaſt. 
Then the other Circles and neceſſary appurte- 
1 do Aren 

0 art. a 

HE Elevation of the Pole, the. Right Alcenfin 
72 gg. 
in the Heavens being given, to find its Aſcefonal 
Difference, and, by that means its Oblique Aſcenſeatry 
Continuance ale ihe Horizon, * Laue Ae. 


tude. 
„Having laid down in what goes before, the | 
nl 


þ 
4 


i 


method of determ 
cles of the Sphere for any habitation or place, 
| 2 * en Many 
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Stars in regard of the ſaid Circles in the Cele ' 
ſtial Sphere, and the ſtuations of Places on the- 
Earth in reſpect of the ſame, cunſidered on the 
ſurface of the Earth; we ought now, by the rules 
of Method, to ſhew how to reſolve o calcula 
dion ſome of the chief roblems, 
about what has been determined and found out 
already, and according to theit Example may 
any others relating to the Firſt Motion, be el 
fily reſolved after the fame manner. as 
In the preſent caſe, let E (Fig. 12 Ytepes. 
as the Equator, whoſe Pole F. H OR the 
Horizon, whoſe common interſection s, O and 
the oppoſite point, are the points of true 
Eaſt and Weſt, namely the Poles of the Meri- 
dian PE 9. Let $ be a Star riſing or ſetting, and 
thro' it imagine a Circle of Declination PSA 
drawn. In the Triangle O AS there are given; 
beſides the right at A, the Angle SO A, whoſe 
meaſure is HE, the Altitude of the Equator; the 
_ fide AS, the Declination of the Star given; con- 
— A, the Aſcenſional Difference ſought, 
nd: For O is the point of the Equator 
— arrives at the Horizon t r with the 
Star; A is a point of the ſame'that arrives wielĩ 
it at the Meridian. This Aſcenſional difference 
therefore ſubtracted from the Right Aſcenſion of 
the Star declining towards as elevated Pole, 
but added to the Right Aſcenſion of the Star de- 
clining towards the depreſſed Pole, gives its Ob- 
lique Aſcenſion ; and ſo on the contrary in the 
Oblique Deſcenſion. But this fame A ſcenfional 
Difference added to the Quadrant, or fubtracted 
from the ſame, gives the ſemidiurnal Arc of tine 
Star, according as it dechnestowards the eleva- 
ted or ed Pole: And that turned into 
Time, gives half the continuance of the Star a- 
bove the Horizon. In the Triangle O As the 
fide OS is alſo found, the Eaſtern or Weſtern 
Amplitude, e By 
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ving the ſame Triangle 04S aftet 

Ar; wy of this Pro- 
ee me matter is, the Right -Aſcenſion, 
Declination and Core? nuance - A the Hori- 


zon of any Star or Point being given, ce find 
the Blevar on of the Pole. 


TIS 2 e Wu. 


HE "Elevation tf 
2 a Star be Bom! 


55 mandel of 
EE 5 


— 1 

= to 3 
enge the 
2D, E the complement of 
a 


7 — a 
the Akitude Tate Set en erin, 
P'S, the diſtance of the fame Star from the 


Acne of the Star ktownalſo * ſu 


1 
on, is alſo given + Therefore the oppor 


thiro* the Sun, which cohverted ined 
825 gives the time before or aſter Noon, aca 
as the Sun is to Eaſt or Weſt of it. 
You will have che fame, if inſtead of the Al- 
tirude of a Star its Azimuth be khown by ob. 


ſerv tion. | . 
? * be 


. by BLRKENTE, van 


Bel, 
6452 


i ar 


4 5.0. cppprehended heyyeen the Ecl 
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Ca 
„ ** py 4 


he Fey e een xo. 
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its ape: of he g u,) together with the 
S juft now 9880 F "by which mein 
there will be known the fide Z S, and the 
gle P ZS: ZS is the cor ement of the Alti - 


one t 
other wy 
known 255 


tude ES, and RE the Arc of the Horizon, which 

is 2 755 the 41 the Angle PZS; 

5 * # Quadrant, the Are O E 

Ae en O the point t of the true 

N d the el ZE drawn thro F, is al- 

"Beſides, in che Triangle EC A, com- 

Nebended between the Vertical Z S E, _ 
Ton Ho R, and Ecliptic ACM, che An 

E — Autre GireniCthe « _ being found a bore, 


verſe of Prop. 26, yet k 


—— — — 
— ———— 22 E , , a ee — 
* 


. — ner Ae 
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and the other a ri angle, ) together with the 
intermediate fide E 4, the ſum or difference of 
the known Arcs OE, 0 4: Therefore the other 
ſides are alſo given, namely 4 Cc, the diſtance 
of che point c from the rifing pe at. A, which is 
known, the fide EG, and Angle ECA. 
which the Vertical z SE drawn thro che Star 
S, contains with the Ecliptic. . E. F. 

Tho this Problem be no mord than che con- 


uſe, Trhought fic to inſert it. | 
 COROLL ART. * 
An being given, by t the fare le. 
y the Place on the Earth, to which the 
Sky 2 Vertical, By radios 'For in the 
Triangle Z PS, in which all the Sides and An- 
les are known, the fide PS denotes the di- 
ace of che Place on the Earth From the Pole 
7. from whence its Latitude is known; and 
the An e ZS is the diſtance of the Meridi- 
ans of the Place given and ſought. But if S be 
in the Ecliptic, the Problem becomes tnore fim- 
ple ; and is ftill the more To, if it be the Sun, or 


the Point oppoſite to it. 


: PROPOSITION XXXVII. 
Tx Elewation of the Pole and the ObliqueA 


4 
| the Star. 7 wen, td its C mi- 
And owical Rifm £ : Foe * 


The For of s ere Rx. x bein 
marked by letters, as e 5 48 being : 
Triangle 1 O 4, there is given the Angle at K. 
namely the Obliquiry of the Ecliptic ; the fide 
_EQ T8. Oblique Aſcenſion of the Star $ (at leaft 
the diſtance of the point of the Equator that 
riſes together with it from the next Equi- 
nox, from the Oblique Aſcenſion given) and 
the Angle EO A the inclination of the Equa- 


tor to the Horizon, or its complement to two 


right: 
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. 
anſequently.. that point i E- 
wad 27 Sun. 50 by 


pos FO Ecli 
and yon 5g E i th the. 


ically. 
 matiner may the. Coſmical 
2 Actronkel Rides of a Star be found from 


the Oblique Deſgention of the Star m by 
e Comic Riſiog and Setting bgnify 


the fame thing with an Aſcent Fe run 
or Deſcent below it; the time of the Coſmical 


Riſing and is determined b the prece 
din Per 2 the der (being no- 
thing in in Rihg or Seting) i iven, and 


25a cen eee Kfng e 

the WI 

what it commonly dogg; namely n 
ofie. And the Achronical ſetring all one wit 

che the Coſtnical ſetting, a5 it is * called, 


of Morning ong. gf i 1 1 
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T O determine the Heliacal King and Aer of 
a given Star. 
1 185 remaining as they were, let D 
[5s x6. ] be che place the Sun is in when the 
= S riſes Heliacally. Therefore in the * 
AFD there, is givep, beſide the ri 
e at F, the Side F P, wiz. the Arc af «> 
Sun depreſſion requiſite to permit the Star "of 
2 given magnitude to appear; alſo the Angle 
D AF, which the Ecliptic comprehends with 
the Horizon, when the Star S riſes, found by 
Prop. 35 ; therefore thepide 4 D will alſo be 
found. But this Arc added to the Arc E 4 
(found by the preceding) gives ED the — i 
| 'E 3 o 
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from the E uin E, when 8 
ne f Lo Ein 


cal R 5 en Stat $ will be k 
ly the . ph 
ſeſſes D the 'of the un 

after the like manner the Hell ſetting of ie 


14; Jenin 2 5 


ps eddton NX. 


. Latitgde of the Place and the Sun's Plact 

ved ed e. 2 ed Ws of he ors: 
the 7. | 

* OH $77 1 exprel Merk 

— > > Zea 0 11 Ne 

the Sun 

which let de © Di t 2 775 


clan; 
dir; 8 
Tho 


and Vertical ZS N be kd to. 
In the Triangle ZS all ate ae 1 
namely PZ the . ode.2. of 


the Pole; PS the the Sun from he 
Pole, known by its Place ; W 


made up of the Dean and deprefion of th 


Sun, nece 8 8 721 
the Twilight : Therefore the Angle ZP'S will 


be known, whoſe meaſure i is the CRE, which 


converted into Time, the Hours fon 
Eg by e 
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e as re 


Fyws: gr2nt Cirelts of the Sphere 
Cir 22 pl IgM N oa of Fan ooh, 
Saif 1b 381; td ee 
are ſiniilar to one anothe 1 nll +hb Aut, 5 
freust contain'd betwe — Ty ; 
Let two rear les NE O, HR 
eut the grea en in 
the An S HE'S may de Jusb 1 fly" 
the Ale APP any” difcle 5 L EE 
E L= intercepted Between NO and 
ilar to FS ; and the Ares 
inte tepred Berween che d 


r. Poles of E 
AC. And ths Tis 
of the arc Premier = of the ute 4D , [619 
(the Sine $7 to Radius, ſo is Sine PEB To Ras 
= oy Sine PEN e 7 ares 


Ze Sts; e 98 
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Trina Pha, 0G, Nie 
2 — B E 

855 are egual, e f * 4 


25 2 (Cn 1 "Healy ewf to be equal, 
& E 


l alſo be be equal, nd Ch 
„ls TS uy oP 2 al. But 


Gu de 8 2 4 


are! And becatiſe' the CT ircde PAL 
js taken at pleaſure, the Arcs of all the Circles 
parallel to E SV, comprehended by the Cir- 


cles HE O, HR, are ſimilar to E, and 
* tp one another. 2. E. P. 


3 


Rouen 
AP, 26 ( 
are 


| = Pro- 


 -- » PROPOSITION XII. 
Tz 


the Parallel the Sun is 85 the tim 
the Lea Twilight. 
been long ago 5 obſerved, that the pro- 
of the increaſe. and decreale of the 
wilight is very much different from the in- 
creaſe and decreaſe of the Artificial Days. For 
the Days are upon the increaſe all the while the 
Sun returns from the Winter Tropic to the Sum- 
mer one; but the Twilights do not. For theſe 
are lefſen'd after the Winter Solſtice to a cer- 
tain limit before the Vernal. Equinox, where 
they are ſmalleſt ; and are aftewards increaſing 
while the Sun paſſes the Equator and moves to- 
wards rake amy" And from thence 
they are upon the decreaſe to a certain limit 
after the Autumnal Equinox; and then a 
they increaſe to the middle "of Winter. 
char Parallel then be propo rpoted ws, be Sought, char 
is deſcribed by the gun! in its Diurnal Motion, 
when the Twilight is ſmalleſt at a given Place. 
Let ZSNM [L Rig. 19. Jo be the Meridian, 
SE M the Horizon; to which let a leſſer Circle 
AR called that of the Twilights, be parallel, 
of ve Morning aud end of the Evenicy Twi: 
t and en e Evening Twi- 
light. Let A be the Parallel ſought. Thro! 
the point 4, where it interſects C R, ſuppoſe 
the great Circle AQHO to be drawn meeting 
the Horizon HO in. o and H, which cuts the 
Equator E Qing, fo as that the angle 49 E 
is equal to the angle P E D or TEK, And 
therefore (by the preced. Lemma) the arc 2 
is ſimilar to the arc PA; and the arc z 
any other Circle parallel to the Equator, fer 
cepted between QES and O AL, will alfo be 
ſimilar to the ſame AP or 2E; and each of 


them 
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thom will ho tha mouſure of the duemien of the 
wilight, while the Sun deſcribes. the Parallel 
But becauſe (d hy ) it is, the 
| Twilight, none theſe arcs, beſides A, 
will reach to CR. (For while the Sun deſ 
in 7 motion 'any. other Parallel, the 
meaſure of LED the Twilight is its 
arc pb, intercepted between the Horizon SEM 
and the Circ of Luſligiue CAR ; which ſince 
5 is 705 ſuppoſition) than the meaſure 
01 otro 9. — 5 ments 
not to. W is 
. Git only y reaches fa. far.) fort 22 
CAR touches 
* 04H: and becauſe part of it un» 
the Horizon, . 048) is 2 ſemi- 
circle, and C AR is parallel to the Horizon, tis 
evident that HL A or O A, is a quarter of a 
Circle. And therefore the Circle NAT Z, 2 
ſcribed . O and Hthro' 4, inter- 


2 great Circle, and 
1 Nadir 


angles TE R, 4 AR, S rt are 
equal, and 2 TXE, SEED 
m whence 

canal, * Dip + ro nce (by 


ſe Triangles are mu- 
tually — — that is, the arc T K is equal 
to K A, and TEt AA: But (by the preced. 
Lemma) is equal to EP, therefore TE is 
equal to EP. Beſides, in the Spherical Trian- 

2 E 7 K right angled at 7, (by a known 
rop. in Spheric, Trigonom.) the Radius is to 
the Pen of the an e TE K of jnclina- 
tion of the Equator to the Horizon, as the Tan- 


gent 
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I dent Bede bonne ina ho 
„ er K 

b e Are of the deprefion of 

of Twi below the Horizon, Anke + 


of the Pole's ;Eleradion to the Skit ofcheare ET 

or EP. Again, in the Triangle EDP, ( 

DP the Circle of Declination) angled a 
Sine of the 


B, LI is to 
the radius to the Sine of the Angle 


t ö to che Oo: ſme of the Elera 


S de 
of the Circle of Twiligirs, as the Sino the 
Height of the Pole to the Sine of rhe arc PD; 
namely of the declination of the Parallel chat 
the Sun deſcribes when. og 
| E. I. „ nie - \ 1: Cam ks * 
2  SCHOLIUM. =_ 
If the d cptelhen of the Circle of Twilights 
below the Horizon be 184 (as it is commonly 
determined,) the Radius will be to the Tangent 
of g4 as the Sine of the Latitude to the Sine of 
Declination of the Sun towards the d = 


Pole at the time of the Leaft . ue the 


Ae 1 311 
SD eng, of the 


e of the: E- 
e o.) and (by the 

den g es 
DS 


ſees 5, that is, hen 
the T The at T>4lor the Leaf 
1 25 when . 122 from 
3 4 


32 
3 234 Pty 
"che 22 


— 


den the fe of 8 5 


F 28 2 Th ProporrTION: XIII { W 
gives by poſition, „ u & Sur Dit 
e r 


x Geo: ofthe phe 


. — tha Center is inſenſible;) and 

SIE oo | with the urface 

ef the Sphere is a f 

Zet 2 IRSMET | 73) de fach a Plane 
piling thro” Z, the Center ot the World which 


tC. Terk the ſurface, forms the Circle — 
7 Ho be the Hotizon of the Pl 


Meridian (in unten is the Pole P, * 
the Zen 2) imerſe Qing the former Circle i in 
K pombe of the Plane RSC ng 
Deolination is is given, meaſured by 
— 12 * or Arc TH, namely that a. fu 


> 


the Horizontal Line IC of the Plane IRS de- 
e e Pane Ho the Meridian line drawn on 
Horizontal Plane, by Pra. 16. Z R isallo, 
given, namel ANN Vertical Cirdle: 
erpendicular to IR SC, between. 
che Zenith and the faid Circle, e meaſure of 
the Inclination or Reclinatios of the ſaid 
Triangle MZ R rightang 
is given Z R, and the the 
of the 2 4 
right one : (For the Vertical 0 
perpendicular to the Circle Aste 
from the prime Vertical (drawn thro the 
noctial Eaſt and Weſt) as much as IT. dogs 
from HT; and ney) he. com ent 
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- 


e foun 


N to che F 
_ rizonral line FTC; ; wherefore. the 
line 7 M ſought in the Plane of baJ 
common interſection Ba wil 
dian with the plane of ch 

In the ſame Trian NT Z R, are a 
ſide Z M and RMZ, be 
uſe by and by. , thro the Pele | 
World P, draw an arc of 
perpendicular'to IRSC: At 
RSM rightangled at S, dn en An- 
gle PMS found juſt now, and the fide P Af, 
the ſum or lifference of the Arc 1M 
befote, and of the diftance of the Pole from che 
Zenith, namely Z P: Conſequently there will 
be known both the arc PS, or the Angle,which 


. PTS, che inclination fn. 
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PT to the Plane IRSC, that is, the Angle 
the” Style Toughe'; and the fide MS, = 
Angle S T M, och it * | 
in dhe plane of the Dial, e 
La the Meridian deterinihed before 
bftyle T'S, namely that which the plans 
of the Gnomon PTS ftands, whoſe oth Ins 
the Axis of the World PT caſting 'the ſha- 


Hour 


dow, and is | to t of the 
Dial, EE. T. * 
O find the Angle, that the line of « given 
makes with the Meridian in the fine of the 
e to 1 Sum- Dial upon 4 25 
things remai Ger an rl 
05 e Plane wich che Plane 17 C 
8 poſition is foug The Hour of t 
Circle being given, Angie HPB of MP 
. re 1 and the Meridian. 
| ore Triangle PA, there 
Ah, as allo the angle MP b: 
Thetefore arc Mb is found; and the recti- 
lineal angle, which it meaſures, MT b, which 
the Hour fine 7b makes with the Meridian 7 M. 
(by preced.) the Hour line ſought 7 6, in 
Be — of the Dial given, will be determined. 
X 
* after this manner a Sun-Dial may be 
a' point aſſum̃ed at pleaſure for a Center, 
( by preced. Prop.) and erecting upon the Sub- 
Kyle a Style in an Angle found alſo by the 
Preced. and — the other Hour lines in 


PROPOSITION XIII. 
= 
OPEN 
— „ oo fide PM, 
Therefore the fight line TA being given 
ld by drawing a Meridian 'and Subſtyle 
Angles 
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ids t Meridian > H, 
making wich it, an An ; that is, 

24 2 Weſt of the Meri ian line T Af, 
and t Angle 4Fb in the ſurface of the Sphere 
of x5 d. And after the like manner TX, fi- 

tuated on the ſame fide, will be the ten a clock 
Hour line, if MP be 300, won 20s _ 
your } 


| PeorostTION IW. 


10 draw a Howr line u; 


whoſe pew . thro the 
u. 4 N 


be of the W and 
How os a Poly at plane; 8 
our ſuck a plane, are to be found in 
n Tae che ey. a hots 
not confounded with the 
be Dal 6 not to be conceived. 25 ET ba 
in the plane IA C itſelf, [ Fig. 22 23 ] pally thro' 
the Center ( as it i in all other es, ) Put in 
another F m Land near o 
former ; 5 chat the "opake right line that c; 
the ſhadow and coincides with the 845 
World, is diſtant from r 
ice che 


the. right line PS.; And 

of the Sun is look d upon as Infinite, 2 94 
Right line as PS, da Cay reſpect of it, and 
the parallel Planes paſfing chro IMC, imy, 
are eſteem d as very near one another; and the 
portions P, PI, c. of the Hour circles 55 


BPI, &c. croſſing one another in the Pole 


| line after 


intercepted between .the Pole , and the Circle 
, ab to beJooked upon 46 Right Lincs ; and 


the 


b of ATR OWDMGE: 5575 
N of th. Oy et e (oh <þek theſe 
— ring 


8 


84905 


the 


ſide PS, a the 
the an 


found a 


is pe 

W 
= a W 
hs tas 2 
1 5 was 


N 


Tort o 


phe will herbs 


por The ran P * 10550 as alſo the 
termined — 1 : 6 5 | 


3 fougo wh ofe * tre 


ge te mwn.thro' 1 02 1 5 
e yes Hour line of the circle | 
N ) 
> ab in 5 

A 
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Hour lines be drawn, and a Sun-Dial made 
upon a Polar plane. 9. E. F. | 

There are other eaſy methods of making Sun- 
Dials; but we have —— the moſt obvious, and 
dne that is the fitteſt for the illuſtration of the 
doctrine of the Firſt Motion: And after this 
manner tis eaſy to deſcribe upon à Sun-Dial 
Any other ſuch f nirure an may be ſhewn by the 
ſhaddow of a Gnomon. 


— — * 1 SS a4 1 hs. DM te th 


— 


* 
1 * 
— 


SzcrION VII. 
Concerning the Parallax of the Sen. 


een XIV. 


Q deſcribe the nature of the Fades, oy fo 
3 the Various ſorts of it. 
o all this Book we have ſuppoſed the 
N 'whoſe places we have treat- 
ing of, to be ſituated among the Fixed Stars; 
or S if they are placed between the center of 
the Earth Wd lunes or Fd Stars, chat chey 
are referr d to the Fix d Stars by che help of 
right lines drawn from the center thto the 
P onieta ; that is, chat they are ſeen from 
the Center. And tho the Earth in reſpect of 
the Sphere of the Fix'd Stars, is taken * 4 
center, and puts on the nature of one 
reſpect of the diſtances of the other Olen 
Bodies it does not happen ſo; but an interme- 
diate Phznomenon, ſeen from the Jurface of 
the Earth, will have a place among the Fix'd 
Stars (or in an infinite diſtant ſurface of a con- 
cave 8 concentric with the Earth, ) diffe- 
rent from that, which it ſeems to have when 
ſeen from the center; and this diverſity of ap- 


1 i. e 5 


Pearance 


*% 
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pearance is very fitly call'd the Parallax: Thus 
for inſtance, it LT | Fig. 23. |] repreſent the 
Earth, whoſe Center is C; La Place on the 
ſurface, whoſe Zenith is Z; Z SH the Sphere 
of the Fix'd Stars; the Phænomenon P ſeen 
from L will be placed among the Fix'd Stars at 
, but from the Center C, at S its true place. 
The difference between its true place & and 
the apparent one s, or the Arc S7, is the Paral- 
lax ofgthe Phænomenon P: And it may be ex- 
preſſed by the Angle S P, or L PC; for ſince 
LT in reſpe& of the circumference Z S H va- 
niſhes,z P h alſo (to which LT has a ſenſible pro- 
portion) is as a Center in reſpect of ZSH ; that 
is, the Arc S may be conſidered as deſcribed 
upon the Center P. From whence it is evident 
that by reaſon of the Parallax, any Phænome- 
non appears nearer to the Horizon than it is, 
in a Vertical Circle, and that ſo much the more 
as (other circumſtances being alike) it is leſs 
elevated; and that a Phænomenon ſeen from 
the ſurface in L, in the Vertex, as in 2, is refer- 
= to the ſame place among the Fix'd Stars, as 
if it had been ſeen from the Center C, or that 
there is no Parallax in the Zenit. 

By reaſon of the Parallax before deſcribed 
( which is call'd either the Parallax of Altitude, 
or alſo ſimply the Parallax) the Place of a Phæ- 
nomenon is alter'd as to Longitude and Lati- 
tude : For let the true place of a Phznomenon 
be C, [ Fig. 24-] the apparent 5, fo that the Pa- 
rallax is Cy; if you imagine the Circles of La- 


titude CE, . drawn thro C and , meeting 
the Ecliptic E L in E and e, the apparent Place 
in the Ecliptic will be , the true E; and there- 
fore the change of Longitude made by reaſon 
of the Parallax, is E , which is alſo called the 
Pargllax of Longitude. _ the true Latitude C E 

| is 
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Hour Enes be "drivwn,'and 4 Snn-Dial made 


upon N Ex. E © Die i 
There are of making 
85 ; but we 11 the moſt obvious, San: 


bike cha is he fitteſt for the Uluſteation of the 


a628hE A And after this 
-Sun-Dial 
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— Parallax of the Stars 
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© PropostrTiON V. 


i Gate 3 gnO! 
Stars 25 An infinite * PUN 
_ © cave . Mie With * 
rent from ich 
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rance is very fitly-call'd the Parallam: Thus 
or inſtance, it LT | Fig. 23. ] repreſent the 
Earth, whoſe Center is C; L a Place on the 
ſurface, whoſe Zenith is Z; Z SH the Sphere 
of the Fix'd Stars; the Phænomenon P ſeen 
from L will be placed among the Fix d Stars at 
, but from the Center C, at & its true place. 
The difference between its true place & and 
the apparent one , or the Arc S, is the Paral- 
lax ofgthe Phznomenon P: And it may be ex- 
preſſed by the Angle S Pe, or L PC; for ſince 
LT in reſpe& of the circumference Z S H va- 
niſhes,z P h alſo (to which LT has a ſenſible pro- 
portion) is as a Center in reſpect of ZSH ; that 
is, the Arc $ may be conſidered as deſcribed 
upon the Center P. From whence it is evident 
that by reaſon of the Parallax, any Phænome- 
non appears nearer to the Horizon than it is, 
in a Vertical Circle, and that-ſo much the more 
as (other circumſtances being alike) it is leſs 
elevated; and that a Phanomenon ſeen from 
the ſurface in L, in the Vertex, as in x, is refer- 
rad to the ſame place among the Fix d Stars, as 
if it had been ſeen from the Center C, or that 
there is no Parallax in the Zenitin. 
By reaſon of the Parallax before deſcribed 
(Which is call'd either tbe Parallax of Altitude, 
or alſo ſimply the Parallax) the Place of a Phæ- 
nomenon 1s alter'd as to Longitude: and Lati- 
tude : For let the true place of a Phxnomenon 
be C, | Fig. 24.] the apparent 3, fo that the Pa- 
rallax is C; if you imagine the Cireles of La- 
titude C E, Y drawn thro' C and y, meeting 
the Ecliptic E L in E and e, the apparent Place 
in the Ecliptic will be, the true E; and there- 
fore the change of Longitude made by reaſon 
of the Parallax, is E «, which is alſo called the 
Pargllax of Longitude. _ the true Latitude C E 
| is 
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is changed into the ent one Y «, the diffe- 
rence of which ( ſuppoſimg Co parallel to the 
Ecliptic) is the Parallax of Latitude. But if it 
happen that the Vertical, as Z DN, tho 
the Phænomenon D, is alſo perpendi to 
the Ecliptic (which comes to when it paſ- 
ſes thro the higheſt point of the Ecliptic 4, or 
Nonagefim degree from the Eaſt) then the 
Parallax affe&s only. the Latitude. For by the 
Parallax the Place is only changed in the Ver- 
tical, and becauſe (in the preſent caſe). this 
3 2 — —— 8 Place 
is onl in thi point e 

tic — which it is — 
by the ſaid circle of Latitude: and in like man- 
ner only the Longitude is ſometimes affected, 
the Latitude continuing unchang d; 

when the Phænomenon is in the Ecliptic paſ- 
fing thro' the Zenith. From whence 1t is evi- 
dent, that the nude of a Phænomenon ſitu- 
ated to the Eaſt of the Nonageſim degree of the 
Ecliptic, is increaſed by the Parallax, becauſe 
ic is removed more to the Eaſt upon this ac- 
count; but that the Longitude of one ſituated to 
the Weſt from thence is leſſen d: Wherefote 
beſides all other motion which the Phænomenon 
may have, it will ſeem to be moved by reaſon 
of the Parallax, becauſe change the Parallax, 
and its apparent place will be changed. And 
this motion, becauſe not real but apparent, is 
called by ſome the . Parallax of Motion; Now, 
what is to be underſtood: of a Phenomenon in 
teſpect of 3 and its .Secandaries, is 
to be underſtood after the Hike manner concern- 
ing the lame in regard of the Equator. - i: - | 
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PROOSHITION XLVL 
i diſt avice of a Phanomenon from the Earth 
is to the Semidiameter of the Earth, as the 
Sine of the apparent diſtance from the Vertex it to 
the oY of the Parallax. 

Let T be the center of the Earth; [ Fig. 25.) 
the Place on the Surface L, its Zenith 75 
cizon TH ; and r n in P. 
Now ( from.the known a rectilineal 
Triangle.) T5 is to.7'L 8s e Sine of the 
angle TL (or of its „ Hees to two 
right ZLP) to the Sine of che angle PL; 
is, the diſtance of the P Brom: 
3 Earth is to the Emile 
pe che Rarchats the Sine of the 1 f 
from the Vertex to the Sine the P 
2. E. D. 

Conſequently the Parallax zgreclog to à gi- 
ven Altitude being given, the diſtance of that 
Phænomenon from the Earth mul allo he gle 
ven; and ſo vice verſa. 


| PrxotosttioN *avn. | 
EE Sines of the ext Pheencs 
T ms far ho ies af af rk 
Nr MT ONT ORR Jo 
or (by pr 0 

rent diſtance e to the Se af 
the Parallax, as the diſtance of the Phænome- 
non from the center of the Earth is to the ſemi- 
diameter of the Earth; that is (in the fame Pha- 
nomenon) i 4 A conſtant Ratio. Wherefore, as 


the Sine of the apparent diftance from the Ver- 
ex th Gr ben fe Ve in of 


from the Vertex in any SU 
8 Sine of the Parallax in 
| 2 firſt obſervation to the Sine of the Parallax 
in che ſecond Obſervation. Q. E. D. 
Z a Þ x o- 
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ProvosrTion XLVIIL 
HE Parallaxes of two Phanomena at unequal 
1 diffances from the Center of the Earth, but 
whoſe me diſtance from the Vertex is equal, are 
reciprocally as the diſt ances from the Center of the 
Earth: in b a 


Things being expreſſed as before, let the two 
Phznomena be P and p [Fig. 26.] in an equal 
apparent diſtance from the Vertex Z, meaſured 

by the Angle Z LP. Tis evident that the Sine 
the Angle LPT, is to the Sine of the Angle 
PpT, or Ly I, that is, that the Sine of the Pa- 
rallax of the Phænomenon P, is to the Sine of 
the Parallax of the Phænomenon p as Ty to TP, 


that is, reciprocally as 5 of the Phæ- 
er 7, 


nomena from the 
_ _*__ PropoSsItTton XIIX. 


HE ratib of the Sine of the Parallax of one 
Phenomenon to the Sine of the Parallax of an- 
ot ber Phenomenon is —_— of the inverſe ratio 
of the diſtances from the Center of the Earth, and 
of the direct᷑ ratio of the Sines tbe apparent di- 
ances from the Vertex. | © © | 
For when the diſtance from the Center of 
the Earth is given, the Sine of the. Parallax is. 
as the Sine of the apparent diſtance from the 
Vertex, (by Prop. 47;) and the apf diſtance 
from the Vertex being given, the Sine of the 
Parallax is reciprocally as the diftance from the 
Center (by preced.) And therefore when nei- 
ther is given, the Sine of the Parallax is as the 
apparent diftance from the Vertex directly, and 
the diſtance from the Center of the Earth reci- 


F 


procally, conjunctly. 2. ED. 
__ 7% 1 327 * 1 © , 
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| - PrRoPOSLTION IL. 
T2 find the Parallax of a Phenomenon that does 

; not change its Declination, _ paſſing between the 
Let ZP [ Fig.27.] be the Meridian, and in it 

Z the Zenith, P the Pole; the. true Place /, 

and L the apparent Place of the Phænomenon, 

whoſe Parallel deſcribed by the firſt Motion is 

VA; the Vertical fartheſt off from the Meridi- 

ee fall perpendicularly upon r, from the Pole r. 

t upon it, from the Pole P. 
In the Spherical Tria le Z AP, right angled 

at A, by the Side Z P, the Complement of the 

Height of the Pole, and the Angle PZ A, or 

Azimuth known by Obſervation being given, 

you will find the Side PA, or PV equal to it, 

the true diſtance of the Parallel from the Pole 

P; the ſum or difference of this and Z P is ZV 

the true diſtance (or that ſeen from the Center 

of the Earth) from the Vertex Z: And the dif- 

ference between this and the apparent one Z L, 

namely YL, is the Parallax of the Phznome- 

non agreeing to the Altitude in V. ©. E. I. 


ProPosITION LI. LEMMA. 

HE ſum or difference of any two Arcs, together 
* with the Ratio of their * to fad the Ares 
Firſt, if the ſum of the Arcs be given, the 
Problem is all one with that common Trigo- 
nometrical one, where two Sides AB, AC, 
[ Fig. 28.] of a rectilineal Triangle being given, 
together with the Ange included BAC, the 
other two ts B C, are required : For 
when the Angle BAC is given, the Angle BAD 
is the ſum of the Angles B and C themſelves ; 
and the ratio of the Sides AC, 4B, is the ſame 

20 3 as with 
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with that of the Sines of the Angles B and C. 
This Problem therefbte will be folv'd after the 
ſame matifier as that; for tis known that the 
ſum of the Sides 4B, AC is to their difference, 
that is, the ſum of the terms of the given ratio 
is to their difference, as the Tangent of half the 
ſam of the Angles B and C, or of the Arcs that 
meaſure them, to the Tangent of half the dif- 
ference of them: But the ſum and difference of 
the terms of the given ratio are given, and the 
ſum of the le being 1 th e Tang ent of 
half the ſum is given; fore the Tanzen 
* half the difference will be known, and con- 
ly half the difference it ſelf; from hence, 
. Ther. wilt rhe Arcs the 
known. But if the differen 


ce of the Arcs be 
given, half the one and T: 


of the other 
will be given, and conſequently (from the for- 


mer Proportion ) the Tangent of half che Sum 
of them, and the half Sum it ſelf will be found; 

from whence the Arcs themſelves will become 
known, after the like manner as before. Q E. F, 


PoposITiIoONn LIL. 


Oth the Meridian Altitudes of 4 8 
being given, which does neither change its de- 
 clination nor ſet, to find its Parallax. 

LetZH In a quarter of the Meridian Eig. 29 3 
reaching from the Zenith to the Horizon, in 


n 
which the Pole is P; the real late of the Phe- 
nomenon above the Pole A, t Ie 2Þparent a; its 
true place below the Pote B, its apparent J. 
If the Phænomenon paſs berween the Pole and 
the Vertex, the difference between the obſer- 
ved diſtances from the Pole, namely PA —P «, 
is the ſum of the Parallaxes in à And g. For a 

Circle deſcribed upon the Pole P thro A, paſſes 


alſo thro'B, becauſe the true declinarion K - 


— 
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Phznomenon is always the ſame. If farther 
thro' « you deſcribe upon the fame Pole the Cir- 
cle «C, chen will PC = P«=; and therefore 
PE—Pamz(PE—PC=C8 to the ſumoſ 
the Parallates in « and g. But the fum of the 
Parallaxes.in « and & being given, and the ratio 
of their Sines, (being the ſame, by Prop. 47. 
with the ratio of the Sines of the a t di- 
ſtances from the Vertex,) the Parallaxes them- 
felves ſought, will alſo be found by the preced. 
If the Phænomenon paſs beyond the Vertex 
in reſpect of the Pole, then the difference be- 
tween PIA, Pe [ Fig. 30.] the diſtances obſerved 
from the: Pole is equal to the difference of the 
Parallaxes. For fince B , is the Parallax in the 
apparent place g, and A « or (the ſame prepa- 
ration being made uſe of as before) BC in the 
place a, CZ (that is, PA Pa) is the difference 
of the Parallaxes in the apparent Places & and 4. 
But the difference of the tw/o Ares being given, 
together wich the ratio of the Sines (namely 
the ſame with the ratio of the Sines of the ap- 
parent diſtances Ze, Z & from the Vertex,) the 
arcs themſelves or the Parallaxes ſought will be 
But if the Phænomenon / paſs thro' the Ver. 
tex it felf ; that is, if the points Z, A and « 
coincide, alſo B and C, then B& or C ę is the 
Parallax it ſelf of the apparent Place g. 


PSO OS ITI III. 
Doc the Altitudes of 4 Phenomenon, that does 
nat change itadeclination, being given, ard ob- 
ſerved in the ſame Vertical Circle, to find its Parallax. 
- "Wis: being expreſſed as before, Let 
Z AB | Fig. 31. ] be the Vertical Circle, in which 
the Phænomenon has been twice obſerved, 
; 2 4 name- 
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namely in « and 6, but whofe true Places are 
A and B, and A EBithefParallel of the Phæno- 
menon deſcribed by the firſt Motion. Upon 
the ſame Pole P, thro' a, deſcribe another Cir- 
cle a C, and the portions Aa, BC of the Verticals 
intercepted between them (by Prop. 13. B. 2. 
Spbær. of Theodoſfins) are I; and therefore 
Cg is either the ſum or difference of the Paral- 
laxes Ae, B&. And to find it let the great Cir- 
cles Pa, PC, be imagined to be drawn. In the 
Triangle Zap, Z the complement of the 
Height of the Pole, Za the obſerved diſtance 
of the Phænomenon in from the Vertex Z, 
and the contained Z P, from the Azi- 
muth, known by obſer vation, being given, 
you will find P, to which the arc CP is equal. 
Again in the Triangle PZC, two Sides PZ, 
PC being given, together with the Angle PZ C, 
Z C will alſo be known, . whole defect or what 
it wants of the obſerved Arc Z8, is Ca the 
ſum of the Parallaxes in the places « and a, when 
PZ exceeds Pa; or their difference, when PZ 
is leſs than Pa. But in both caſes, when over 
and above, the ratio of the Sines of the ſaid Pa- 
rallaxes is given, 1 ſame, by Prop. 

7. with the ratio of the Sines of the apparent 
iſtances from the Vertex,) both the Parallaxes 
agrecing to the apparent places « and & will be 


/ PROPOSITION LIV. 
WO Altitudes if tbt (ſame Pbænomenom obſer- 

| ved at the ſame moment of time in the com- 
mon Atimuth of tuo given Places upon the Earth, to 
the Parallax of the Phammenon. n. 

+ Let the two Places on the Earth be A and B, 
[ Fig. 32:] whoſe Vertices are E and &, the com- 
mon Azimuth Z D X; and let the true ag | 
WI | the 


* 
® þ * 
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the Phænomenon be D, à the place obſerved 
at A, d its place ſeen at B: And firſt let theſe 
| — — — Z and X. The 
of the apparent diſtances from the Vertex, 
Cgamely of the arcs Z C and X d,) known by 
.—ͤ—v p exceeds. Z X the diſtance of the 
Vertices (found 232 24) by an exceſs equal 
to 4%, the ſum of the Parallaxes. But if the 
points D, D, d, , be without the arc Z X, the dif- 
erence of the apparent diſtances from the Ver- 
ely.Z a leſſen d by X d,) exceeds the 
of the Vertices X Z by excels equal to 
the — Ad of the Parallaxes ſought. - 
Beſides the ſum or difference of the Paral- 
faxes found after the manner deſcribed before, 
there is given the ratio of the Sines of the ſaid 
| Parallaxes ; namely the fame (by Prop. 47. ) 
with the ratio of the Sines of the arcs 4, X A 
of the apparent diſtances from the Vertex. From 
whence (by Prop. 51.) in both caſes the Paral- 
Inxcs themlclves will be found. 2E. F. 


tex 28 


Pierot 10r LV. 

| Iven two altitudes of « Phenomenon obſerved 

at given Places on the Earth, 2 * moment 
F time, even without the common Azimuth, to . 
the Parallax of the Phanomenon. 
The Longitudes of the Places being given, the 
ſame moment of time neceſſary for the making 
the Obſervation in the two Places, is expreflible 
by the number of Hours reckon'd from Noon 
or Midnight reſpectively, and their differences 
is equal to the difference of Longitudes turn d 
into time, the more Eaſtern Place reckoning 
more hours; which is determined during the 
Obſervation i in the preced. when the Phzno- 
menon is found in the common Azimuth, un- 
leſs both Places be in the E. Let X Z 


tabs *. Ls, 
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[ Pg. (Pg. 33] be the common Azinuth of the two 

„ Earth, whoſe Vertices are X 
and 2 which at the ſame moment of 
time (tho expreſſed differentiy,) let the Pha- 
nomenon be obſerved, whoſe true place let 2 
D; and its place ſeen from that Place whoſe 
Vertex is X be d, from the Place whoſe Ver- 
tex is Z be 4. In che Triangle XD Z, the 
angles X and Z being given ( contained be- 
eween the common —— of the Places and 
the obſerved Azimuths,) and the Side X Z tho 
diſtance of the Vertices (found by Prop. 24.) the 
Arcs XD, Z D may be found, and they ſub- 
erated from & d, 37 obſerred, leave D 4, D 4 
che Parallaxes fought. S.E.F. © 


PROPOSITION LVL - 


T» vey extitly rhe Paralline of a Phatnt- 
I enn, by a method not much different from 
the rw foregoing, hy the help of fon — 
Fix'd Star. 6 
Since the whoſe Parallax is 
ſought, is in the common Azimuth X DZ ¶ Fig. 
34: of the two Places on the Eartli pi up» 
this purpoſe, whoſe Vertices are X and Z; 
her it be — with ſome neighbouring Fix d 
Star; oo let $ be the Place of the Fix'd Star, 
4 the Place of the Phænomepon obſerved at the 
ne below X; conſequently in this Obſerva- 
4 there are n the tho. 9 
Giftance of the 8 from the Vertex, 
the arc Sd the diſtance between the Phænome- 
noh and the Fix'd Star, and the angle X d S bon- 
tained between it and the common Azimuth. 
At the ſame moment of time from the lace 
below Z, where the apparent the 


12 


Phænomenon is J, let Z, S and the angle 
SZ be obſerved: And cho'-che arcs Xd, Z 
cage 
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can't be obſerved exactly {becauſe there is need of 
4 Quadrant to meaſure them) yet they may do 
for out mow © But if they could with perfect 
accuratencts, t 
would (by Prop. 54.) inimetiacely appear. Not- 
withftanding the arcs 48, #8 and the angles 
at Jand 1, may be obſerved very accurately; 
projecting the image of the Phenomeno 
and neighibouripz Fix'd Star S, by the help of 
Speculums or Lens upon à Plane, upon which 
a right lice is drawn: reprefenting the common 
Azimuth X Z; and being in the place of its 
image, it it ſhould project anyz) as is evident to 
any one acquainted withOprics and Aﬀronorhi- 
cal Obſervativhs. Therefore in the Triangle 
484, the ſides 87, $7 with the angles fub- 
tended by them-d and & being given, the Baſe 
1 will be found, which is the ſum of the Pa- 
rallaxes ; from whence and the ratio of the 
Sines of the ts A D, 4D, (D being ſup- 
poſed to be the true Place of the Phxnomenon,) 
namely the ſame with the ratio of the Sines Z. 4, 
Xa of the apparent diſtance from the Vertex 
by Prop. 47;)the'Segmenrs themſelves Dd, D the 
Parallaxes ſought, will Cby Prop. 51.) become 
known, Much after the fame manner the diffe- 
rences of the Parallaxes ws bog found, and from 
thence the Paralaxes themſelves (by the ſaid 
Lemma, ) if D, d, 4, be without X Z, but yet in 
the continuation of it. If the true Place Þ 
T Fig. 35.] of the Phænomenon be without the 
common Azimuth X Z of the Places, the 
ſame things being expreſſed the ſame waz 
as before, theo the Vertices X and Z and the 
1 ive apparent Places, let the Vertical Cir- 
cles X d, Z 4 be drawn, whoſe interſe&ion is 
the true Place D of the Phznomenon. Draw 
allo thro S, the place of the Fix d * 
| er- 


the Parallax of the Phænomenon 


7 . 
— — 3 
* 
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Verticals XS, Z 5, and join the points S, J, 4 
by the great Circles 8 4, S, dS. Let the 
Obſerver below X, obſerve accurately (beſides 
the arc X 4) the angles XdS, XSAd and the Side 
SD, either by the method inſinuated above, or 
any other more exact; in like manner let the 
Obſerver below Z (beſide Z ) do to the Angles 
SHR — fy — N 11 the ha- 
itations being given 24.) Z X is given 
and from the — of this by the Obſerva- 
tion of the Fix'd Star S, the angles Z XS, XZ 
are had; from whence the Angle XS Z wi 
be known, which taken from the ſum of XS 4, 
Z Sd, will leave 484, from which and the 
ſides $4, S 4, being known, the angles S da, S 
and the fide 4 are found. But Sd X, SA Z, 
were known by Obſeryation ; conſequently the 
others Dd Hf, Dd are known, by which and 
the fide 4 known in the Tri D 4, the 
ſides D d, D, the Parallaxes ſought, are found. 


PE. ProposITION LVII. 
WO Obſervations of a fix d Phenomenon, that 
I E, one that has only 4 diurnal mation, being 
given, to find its Parallax. ** 
Let EC LI [ Fg. 36.] repreſent the Ecliptic, 
B the true place of the Phænomenon, intirely 
fred in regard of tis Ecliptic. And in the one 
Obſervation let Z B L be a Vertical Circle, in 
which Z is the Zenith, and 8 the apparent 
place of the Phænomenon; in the other, let 
XBL be a Vertical, X the Zenith, (for the 
Vertical 2 may be conſidered as moved in 
regard of the. Ecliptic unmoved, as well as the 
Ecliptic in reſpect of the Vertex unmoved, and 
indeed more properly; ) and 6b. the apparent 
place of the Phænomenon. From the firſt Ob- 
ſervation (by the Problems of the Firſt motion 
| con- 


* 
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conſtructed before,) you may determine the 
point L of the Ecliptic, where the Vertical 
paſſing thro B meets the Ecliptic; and the arc 
Z L, namely a portion of a vertical Circle, in- 
ter between the Zenith and the Eclipric ; 
and the angle Z LE contained between the ſai 

Vertical and the Ecliptic. . And in like manner 
in the ſecond Obſervation of the Phænomenon 
in 8, the point of the Ecliptic C, the arc XC, 
and the angle XC L will be known. There- 
fore in the Triangle BC L, the angles B CL, 
BLC being given, and the fide C L that lies be- 
tween them (namely the diſtance of the known 
ints in the Ecliptic,) the ſides B L, IBC will 
known, which taken from the arcs found 
before ZL, XC, will leave ZB, XB. And 
theſe again taken from Z 4, X, the known ap- 
diſtances from the Vertex, leave B g, 
Bb the Parallaxes of the Phænomenon agreeing 
to the moments of the obſervations. 


ProPosITION LVIIE. LEMMA. 


ET there be two rectilineal Triangles, ABC, 
DEF [Fig. 37.] beving the Angles ABC, 
DEF given; and let the ratios of AB to DE, 
AC tr DF, and BC 1 EF, be given: To find 
both Triangles from the fide A B given. 

Make the angle GB C equal to DE F, and 
take BG ſuch, as that the ratio of B A to BG 
may be equal to the ratio compounded of the 
given ratios of BA to E D, and EF to BC, 
which is done by taking B G equal to a fourth 

proportional to E F, BC and ED. Then in 

BC given by poſition, chuſe ſuch a point C, as 


that the ratio of the lines connected AC, GC is 
equal to that compounded ofthe given ratios of 
ACto DF, and EF to BC, which may be 
done as before. Then let BG be to BH in 


the 
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the ratio of BC to E F, and let HI be paral- 
lelto GC: I fay the Triangles ABC, B HI, 
are thoſe ſought. 

Is manifeſt from the Conſtruction, that the 
ratio of BC to BJ, is equal to the ratio of 
BC to EF; and that the Angles ABC, HBI, 
are equal to the given ones. Beſides, the ratio 
of 4 B to BG is compounded (by conſtruction) 
of the ratios of ABtoED and EF to BC: But 
the ratio of A B to BG, is compounded of the 
ratio of AB to BH, and of the ratio of BH to 
BG, or E F to BC; and therefore: AB has 
the ſame ratio to BH as it has to ED. Again, 
the ratio of 4C to C G (by conſtruction) is com- 
pounded of the ratio of AC to D F, and of the 
ratio of E F to BC, or HI to GC : But the ra- 
tio of 4C to CG is compounded alſo of the ra · 
tio of AC to HI and Hl to GC; and there- 
fore 4 C has the ſame ratio to HI as it has to 
D F. Therefore the Triangles 4 BC, B HI, have 
the conditions required. 


_- , PRopo8ITION LIX. LEeMMa. 
o — te | 1 of the Arcs AB, C D, 
| Fig. 38. ing to 6 gives Circle, and 
the ratio of the Sines of the Arcs token away AE, 
CF, and the arcs remaining E B, FD being gi- 
ver; to find the anbole arcs and thoſe talen away, 
AB, CD, AE, CF. | | 
In Circles to the given ones, let there 
be ſuppoſed c taken the arcs G L., LH, 1M, 
MK reſpectively the doubles of AE, E B, CF, 
FD: Wherefore GLH, I MK will be reſpe- 
ctively the doubles of 4B, CD. Compleat 
the rectilineal Triangles LGH, M 1K, in which 
are given the ratio of GL to Ia, the ſamg 
with the given ratio of the Sine of the arc A E, 
| 0 
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to the Sine of the arc C F; the ratio of LH to 
MK, the ſame. with-the ratio of the Sines of the 
arcs given E B, FB; the ratio of GH to IX, 
which is the ame with the given ratio of the 
Sines of the arcs A B, CD, There are alſo gi 
ven the angles LG H, MIK inſiſting upon t 

known arcs, and therefore W the prec. Prop.) 
the angles L HG, MK ] will be known, and 
from thence the arcs G L, 124, and their 
halves A E, C F: But the arcs themſelves E B, 


FD are given ; therefore the wholes 4 B, C 
are alſo known. | 


And after the like manner, the. ratio of 
the Sine of the rel ae the Sine of 
the arc taken away, temainigg ate 
itſelf being given, the whole arc and the axe 
taken away may be found. For ſuppoſe GL 
the double of the whole arc, and G L of the 
arc taken away; from whence you. have L 
double the remaining are. Connect G NH, 

GL, LH, and in the Triangle L G H, there 
is given the ratio of the ſides G L, G H; the 
ſame with the given ratio of the Sines of the 
whole arc and that taken away: The angle 
LG H is alſo given, inſiſting upon the gi- 
ven arc L H. And therefore (by 41. of bs 


Data of Euclid, ) the angles G LH, GHU 
are given; and therefore the arcs on which 
they ſtand, wiz. the complement of the arc 
GLA to the whole circumference, and the 
arc-G L; and conſequently G L H and GL 
themſelves, and their halves, namely the args 
Jought, 77 


* 
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PropostTiION LX. 
Vo Altitudes of 4 Phenomenon not altering its 


Detlination, and the correſponding Aximutiis 
being given, to find its Parallax, we 
In two obſervations of a Fix'd Star five 
things may be given; namely the two Altitudes, 
two Azimuths, and the Time between the ob- 
ſervations ; from any four of which the Paral- 
lax may be found, from whence ariſe theſe three 
following Problems. WE 

For the ſolution of the firſt, let P [ Fig. 29.] 
repreſent the Pole; L the true place of the Phæ- 
nomenon ; and in one of the obſervations let 
L M be the Vertical Circle, and M the place of 
the Phznomenon obſerved in it, and therefore 
LM the Parallax ; in the other let LN be the 
Vertical Circle paſting thro L, and LN the Pa- 
rallax of this obſervation. Let the great Cir- 
cles PM, PN, NM be ſuppos d to be drawn. 
From the Altitudes and Azimuths obſerved, and 
the Height of the Pole, the, Arcs PM, PN 
the apparent diſtances from the'P, and the An- 
les PML,PNL contained betweenthe Circles of 
Declination and the Verticals are known : There 
is alſo given the ratio of the Sine of the Paral- 
lax LM ts the Sine of the Parallax LN; name- 
ly; the ſame (by Prop. 47.) with the ratio of the 
Sines of the diftances-obſerved from the Ver- 
tex. There are therefore given the ratio of 
the Sines of the whole Angles PMN, PNA. 
namely the fame with che ratio of the Sines of 
the known Arcs PN, PM.; alſo the ratio of the 
Sines of the Angles LAN, LNA taken away, 
the ſame with the ratio found before of the arcs 
LN, LM; as alſo the remaining Angles P M L 
PML found before by Calculation. Therefore 


the Angles themſelves PMN, PNM, LAN, 


L NM. 


— 2H. £3 e .. 


LN M will be known, (by the preced. Lemma.) 
Again, in the Triangle MP N, the Sides PA, 
PN being given, with the Angles ſubtended by 


them, the Baſe MN is found. And laſtly, in 


the Triangle LMN, the Baſe MN, and. the 
Angles adjacent LAN, LN M being given, 
the Sides LM, LN the Parallaxes ſought will 
Deng.” i 005 | | 
If one of the Obſetvarions was made when 
the Phænomenon was in the Meridian, then 
one of the Triangles PML, or PNL is changed 
| ind = Arc, and che Calculation becomes much 
E 

Hut if the Phænomenon T change its Decli- 
nation, and that equably, (which will be done 
in one Tr of the Earth, or thereabonts,) 
we may till find its Parallax, by cortecting the 
places of the Phænomenon, by a proportional 
part of the'Declinarion thus: When the Phæno- 


menon firſt,” next after che firſt Obſervation, ar- 


rives at the Azimuth LA, obſerve its apparent 
Altitude, which will be different from chat ob- 
ſerved the Day before, otherwiſe it would re- 
tain the fame declination. 
be 4. Call che diſtance of time between the 
two firſt Obſervations made in M and N, B; 
and the time between the two Obſervations of 
the Phznomenon in the Azimuth LA, C. And 
if the difference of che aforeſaid Aſtitudes 4, 
be an exceſs, to the appatent Altitude in 24 


| = but, if this difference be a defect, ſub- 
tract it from the fame. This ſum or difference 


will be the corrected apparent Altitude, which 
in the preceding Calculation (inftead of the 


ormer Altitude in LAM) gives the Parallaxes 


ſought of a Phænomenon that d 
n — * 
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Let the difference 


/ 


Age 


HF EHE, EFH. being given, che 2 


ZFA, to the Sing l che 


of the 
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1 Tes two Altitudes of a Phenomenon, with the 
2 of one of them, and the Time be- 
tween the two obſer ust, to find the Parallax of 
the Phenomenos. 
Let P be the Pole, (Fig. 40.) E the true place 
of "the Phznomenon, F the apparent place 
when & is the Zenith, and H when Z is the 
Zenith. There are given the two apparent di- 
ſtances from the Vertex, namely XF, 2 H; 
and the Angle PXF, ſince one Azimuth is 
ven, and the Azimuth XP Z is known by t 
time. In the Nolceles Triangle PXZ, „ & 
qual Sides P X, P Z, and the An 927 2 be- 
ing given, P i Z ate found: And ſince 
1 8 is ae Fi Z\XF is alſo found, Therefore 
X21, * XF, ZX Fare gi- 


__ HY | cheek e 12 F r kno 
Therefore the * o 


— 
217 given; 
namely the ary with that 0 Sine of the 
arc ZH, do che Si Ne 77 and the 
ratio of the Sing the angle I to the Sine 

55 or the Sine of the arc. EF 
to the Sine 0 e. ot the Sine of the 
arc XF to the Sine of the arc ZH, There 
fore the ratio of 5 Sue of the angle Z FH to 
the Sine of the Angle EFH i is giten; and the dif- 


ference of thoſe Angles 4 FE is allo given; 
andtherefore (byProp.$9. 59.) the angles che — 
Z FH, E FH become kno 


conſequently 
E HF allo. | E FH, 


aſtly in gde Te 


foughr EF, BH, W known... 2 


2 SUITED 
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ie LXIIL : 


of Pbænomenom in ref} N the 
ru the Parallax of a | — 


«js rj of 1he' Sun, and the bour of the 
„472 ven, r Ru the Parallax of Longitude 
4 oe. 4 "rhePhanemenan; | 


wet +1 Ko — ( Fg 4x) ECP 
the Ecliptic, and Z CV a Tea ircle 
fing thro the Phænomknon. Let A be che true 
plagt of the Phænomenon in it, « the apparent; 
and therefore Aa. the Parallax of Altitude. 
Thro. A and # draw thie Circles of Latitude "A N 
meeting che Ecliptic in B and 5. Now (by 
Prop. 36.) there are given the Angle VC B, and 
cont , and therefore their difference 4 = 
Bur hecaulſe the Parallax of a certain given Al- 
etudle is given, the Parallax of the given Altitude 
FA will gifs begiven(byProp.47.) namely the arc 
A 4... Conſequently the ſum or difference C2, 
of; theſe cs CA and 4 are given. Therefore 
in the Triangle «C4, beſides the right Angle at 
+, there are given the Side aC, and Angle 2 CI; 
| fm whence- tlie Sides C b, ab will become 
known. But becauſe the place of the Phzno- 
menon 4 in reſpe& of che Ecliptic is knowg* 
and the point of the Echptic (by Prop. 36.) d- 
ſo known, the arc 45 and C B ate known: 
Foes the difference between 40 and AB, 
namely the Patallax of Latitude becomes 
known; andi the difference 5 0 and CB. 
3 Parallax: of Longicude allo.” g. E. F 
nverſe of: this Problem is ſolved after 
che ame manner ; ferlif the Parallax of Lon- 
1 or the Pardllax of Latitude, the dif- 
erence: betten l and B A, be given, C5 or 
ah, (from the Place of the — — in re- 
ſpea of the Egliptic: GY given, and thence 
14 CC 
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thence the arcs CB and BA,) will be given. 
And ſimce befides the Angle EO in the right 


angled Triangle C ale n, Ca will be 
ge andcoalkquently V4 pee 09 * 5 


is already given: But is; is know X 
the Para 1 of Altitude 4. Wilk not 8 4 
known. If the Phænomenon, as the Sun, be 
in the Ecliptic,” the caſe is much more ſim 


But — the Parallax oft ne Cotte: 


dies, even the neareſt, is a pretty 
therefore ſome conſtruct this problem of fan 
ing the Parallax of Longitude or Latitude ffom 
the gow Parallax of Altitude, more expetiti- 
ouſly thus: Thro' A imagine che fins A geg 
be — * to Bh Therefore in 
Triangle 40, which is looked upon "as 
neal, there being given, beſideb tile RI Sha 
at A, the angle 8 As equal to 'ACB, and one 
of the Sides A « the Parallax of Altiende, the d 
ther Sides 4g the Parallax" of Longitude 
4 þ the Parallax of Latitude are » by r 
bare reſolutiom of a plane Triangle. 
But if not the abſoluts Parallix of the Phz- 
nomenon be given, but the lative in reſpe& 
of another more remote Pliznomenon, thut is, 
the exceſs of the Parallax ef the neater Pha- 
nomenon above the Parallax of the more rer 
mote; ſuch an exceſs in 4 vertical Circle bein 


ven, the exceſs in regard of an other Circle 
5 alſo be given. 4 | 


| For the abſolute Parallax of a Phznomehon, 
is the enceſiꝭ of the Parallax of the Phznome- 
non itſelf above the Parallax of the Circle of 
hich: is nothing, becauſe ir i5 fup- 


re, w 
e int infinicely.diſtant. | 


* | 2 Aa z FEY”  SreTH- 


10 
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8 Orion VIII. 
Concerning the Refraction of the Stars. 
09 t PrxoposrTION LXTV, 


JN. the account of | an Atmoſphere, which { 
— ; N 
nb, each Star appears more elevated above the He- 


tien in the ſexe Vertical Circle, than it would 
Atmoſphere at ol. 


1 
2 


| | ſame denſiy; 
Se Re pate A be bg 
trom any Star, is md in tha 

face which ſ the Ether from — 
ſphere, (as it is commonly believed.) the 
ons of the Ray from $ to the outmoſt 
of the Atmoſphere, and from thence to 
Earth, continuing all the while Right lines ; 
with us a Ray pafling out of Air into * 

0 


; 


97 


Fl 


3 


A 
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_ bent at the Surface of the latter, being 
ſtrait boch before and afterwards. The Atmo- 
ſphere rather ſeems to extend itſelf to a very 


great height, and to be rarer in its 
more remote parts, ns e 
on which account 


Star S, ſuffers ſome Refrain towards the om 
2 115 * 3 the Earth much 


lieved ; and in 
Feger (amt B, Ch 822 e e 


me way, | 
ons, it E een len 3s :mors 2 

he tre irh: And 
ore a Ray after its entrance into 255 Ar- 


in all its parts, 
OS at O > a __ the laſt 4 of 
ay ABCO from O producd, namely in ; 
or hi are only als he ii, t the 
' OC of che Ray produced, or the Righe 
ton the Curve Aci n O, namely, 
Os, is leſs inclin'd to the . n. of the Spe- 
Rator HO, than the Right Tine connecting S 
and O; becauſe the line 4500 is concave to- 
wards Tz: es nag bs — 7 * at O a Star 
appears in , er above the Horizon, by 
reaſon of the circumfuſed Atmoſphere, than if 
there were no Atmoſphere at all. 
Befides, the Curve that the Ray propagated 
oblique thro' the Atmoſphere, puts on, is in 
the ſame Plane produced thro A Star and the 
Center of the Earth. For in Diopcries tis de- 
monſtrated that the former part. 4 B of the Curve 
(conſiſting, as it were, of Right lines) is in the 
Plane that the Ri ink lines 48, 4.2, (becauſe 
in che Plane of _—_ chat is, in the Plane 


pro- 
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produced and paſſing thro the Star S and Cen- 
ter of the Earth 7; for (by Pt B. I. Spher. 
Theodoſ. ) the Right fice Y ced, paſſes 
thro the Center 7; and fs Kona part BC is 
in like manner in the Plane paſting thro B A, 
and the 
ſame Plane with the former: : apd fo on in the 
other parts of the Ray AB erefore — 
Ince Curre in the me Plane produced 
thro* the Star and the Center of the Fart 
therefore the Right line Oc touchin 
e mall particle of it pr * 
t line) i is in the ſame Plane: But this 
Plane is vertical to the Obſerver O, (for it paſ- 
ſes thro' the point O, and the Center of the 
Earth) therefore the Star, by reaſon of the Re- 
fraction made in the Atmoſphere, appears in 
the ſame Vertical, but higher above the Hort- 
zon. E. P. 

SCH 0 LIUM. 

Tt appears, from the demonſtration of the 
preced. Prop. that the Refraction is the ſame, 
whether the Star be nearer the Earth, or far- 
ther off (for inſtance, in For in 8 provided 
their apparent Altitude above the Horizon be 
the fs For in this caſe the Right line O re- 
. volving above the Axe T O, reaches to the ap- 
parent ED of . Beſides, tis probable thac 
the Atmoſphere pread abour the Earth does not 
extend it ſelf to the Moon, much leſs to the 
more diſtant Stars ; and thegefore the ſtrait part 
[4 of the line S{ABCO, (before ir begins to 
be bent into a Curve by the A para will 
graze upon the next ti 75 And conſequently 
the Ray ene from it (opmey 25 = 
in the Lanefpdere in to 4 BCO, 40 te ke, 


an 


Curve, 
in a Rig 


nay, after the very ſame manner, 44 my pro- 
pagated from he: more dini Star ; fince' ic : 
'A 


icular thro B; tharis, in the 25 
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all,one ( (as to che Refraftion made in the At- 
ſphere) whether 1 Ray begin from & or . 
Therefore tis contrary nature of Light, 
that the Rays of a 1 W Star ſhould. be refra- 
Qed otherwiſe than (all other circumſtances 
remaining the ſame) that of a more diſtant one, 
"Tis true that the Angle Uk L way 
= gee o Of, but the difference of them OS 
is owing to the exceſs of the Parallax of the 
hiearec fear 4 ye the Parallax of the more di- 

fant Star, and hot to the Refraction. 


-Forber+50k LXV. 


HE lower Stars are more elevated by * 
the Rafal at the Atmoſphere, than 
* other circumſtances remaining the ſame. 
In Dieptrics tis demonſtrated, that in the 
ſame Mediums, the more oblique the incidence 
of the Ray is, the greater the Angle between 
the refrated Ray and the incident Ray produ- 
ced ;'thar is, in the preſent cafe [ Fig. 43.] that 
the part AB of the Ray ABCO, proceeding 
from the lower Star S, contains a greater Angle 
with SA produced, chan the part 7 G of 
Ray FG KO proceeding from the higher R does 
with RF produced; becauſe SAD isa greater 
Angle than RFL ſappoſing that LF produced 
falls upon 7. After the like manner BC will 
contain a greater Angle with 4 B produced, 
than G R with FG produced, and ſo on; that 
is, the line 4 B CO is — curved in all its parts 
than FG * in its correſponding parts, or ſuch 
as are equa 3 rom un Earth. And 
ene =; ght line touching the Curve 
ABCO in o in a greater Angle with the 
Right line OS, than a Right line at the ſame 
place, touching Fo RO wit * line O R. The 


lower 
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COROLLARY 1. 4 
Place of a Phænomenon when it is in 
nich is not changed by the Refraction: 
in this caſe falling 


 COROLLART 
An account may 


near the Horizon. For ſince the upper 
appear but a little more elevated than it ſhould 
be, and the lower a great deal, the latter by 
the Refraction, will appear to approach the for- 
met. And therefore the erect ot vertical Dia- 


meter of the Luminary ſeems contracted ox 
ſhortened, while the tranſverſe or horizontal 
one is not fo, becanſe its extremities are 


earer the Horizon, - 
their 


- . . 
and fer later, than they ought, — to 
| their 


Poros irioR LXVI. 

*O define bow much a Star appearing in a given 
'& Altitade i; elevated by the Refrattion ; 2 
male & Table of the Refrattion of the Stars. 

_ 'Chuſe a Star that has no ſenſible Parallax ; 
namely ſome one of the Fix'd Stars that is 
elevated 'much above the Horizon of the Ob- 
ſerver. Let its Place be determined (by Prop.26.) 
- by * 4 — — was elevated 
pretty 2 erefore when it was out 
ol the Effectv of a ſenſible Refraction. Let the 
time be marked of its coming afterwards to the 
given Altitude, either aſcending or deſcending, 
and find then by Calculation, the Altitude, for 


the time marked, of the Star (whoſe place is 
| known, 
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known, ) and that will want of the obſerved 
Alc as much as the Star is elevated by the 
Refraction in that given apparent Altitude. 
After this manner may a Table of the Refra · 
ion of all the Stars be beſt conſtructed, if the 


true Altitudes of the Fix d Stars, agreeing to 
the times exactly reckoned by a. Pendulum 
lock, be compared with the Altitudes of the 


e Star, in the ſame apparent points of time: 
For the difference between the true and a 

nt Altitude is the Refraction ing to that 
Arkade And ſince the Refraction of a Fir d 
Star at the greateſt diſtance, and of any other 
Star at a leſs diſtance, is the ſame, in the ſame 


Apparent Altitude (by Schal. Prop. 64.) tis evi- 
dent that a Table of the Refrantion of all the 
Stars is made. F. f... ö 
lee Did deny . e 

5 Dioptri of 
were known in any given diſtance from the 
Earth, or the ratio of the Sine of the of 
cidence to the Sine of the refracted Angle, in 
the paſſage of a Ray thro' its Surface concen- 
= with op Earth, wag ce from the 
enter is known; then by Geometry you may 
nd out the nature of the Line, into which the 
Ray is bent hy reaſon of the continued Refra- 
ction of the Atmoſphere. - Conſequently, the 
Angle being given by obſervation, by which a 
Star in 2 given Altitude is elevated mòre than 
it ſhould be on the account of the Nefraction, 
the Angle may be defined, by which it iis: ele- 
vated in any other Altitude propoſed more 
than it ſhould be, the Atmoſphere continuing 
the ſame ; that is, a Table of. Refraction may 
be made for every degree of a Star's Elevation. 
But becauſe our ignorance of the Law of Re- 
fraction obſerved in the Atmoſphere binders. = 

| t 
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this; tis better to make the Table b 98 

= as in the eding. But befi es, 
alphere in different places, 


verſi of the 


and the change of it in the fame place, on 


account of w ich it happens that che fame Ta- 


ble is not fitted for all places, is an impediment 
to both methods of making a Table of Refra- 
—q——̃ For in places near either Pvles the Re- 
— 4 is 1 85 ** in the ſame diftance from the 
is well known from the obſerva- 
com of of leide Durch "Men who Wintered in Nove 
and in che ſatie plach at different 
Act a the Tear, tis certain, fot only from 
the a vane of the Dutch, but of other con- 
ſiderable ObRrvers, Who make the Winter Re- 
fraction greater than the Equinoktial, and that 
again greater than the Summer one, and form 
intire Tables of Refräctien built upon this 
c But che hourly change of the Re- 
fraction is demonſtrated by the 'ops of Moun- 
_ tains being ſometimes viſible at a given place, 
and ſometiiies inviſible, tho there be no dark- 
neſs or miſt between: To this N 2 
te Experiments mention d by Hugent, in 
Treatife of Lebt, tend and 2 5 namely 
the lower part of 4 Tower or any other Mos. 
char is immovable is ſeen in the Morning 
Evening, but tlie upper at Noon thro' a Tele- 
ſcope continuing fix d all the while; and that 
at the ſame place, ſometimes the top of a more 
remote Tower has been viſible, riſing above the 
top 6f one nearer, and ſometimes it is inviſible. | 
Now all theſe things beſides the hourly change 
of the Refraction of the Rays in the Atmo- 
ſphere, demonſtrate the Curvity of them, (from 
their nature, as was ſhewn above,) ſince they are 
propagated obliquely from an higher to a lower 
place, and vice verſa. 4. A 
t 
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It muſt be confeſſed that all this change of 


the Refraction is made within pretty 


3 
zontal Specul theſe things 
long to this place, nor directly to Aſtronomy, 
Dow in the mean while, credit 


nor conſequently to Ob 


is to be given ee. Tow of Rovatice of 
the Stars below the third. of Altitude; 
= — — 
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Altitude for determining the place of che Phe- 


nomenon. 
Tf a Perſon has 2 mind to make = Table of 
the Refraction of the Fi d Stars, not from Ob- 


e foe a 
ollo way v 
hy which — 


* 
Jo Miles hen be Phe Cppoſed to be el or 


or = el Superficies, into as.many Medi- 
different denſities ;- ſo as that the Medi- 
um which hex berween the rwo next rg. 


e be of N 8 


Table e 2 dl ag 
Mediums, may be the ſame with the Refracti - 
ans chat are Bund by the accurateſt Obſerva- 


Altitude at the ſaid Mediums, and known 
Calculation, according to the Laws of _Y 
is very nearly _—_— * ab 
Heavens, agreeing to the ſame Altitude. 1 
this. manner alſo will the. Line be determined 
very ncarly, 3 
raſſags chro the Atmo 
— this method, the Re 
—— or — 
2 e or 8 
A rarer; ey y are 
the vicinity of the Earth, - which is heated. 


S E c- 
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"EXE" IX. 
Of the Tables ef the Firſt Motion, 


the Fix a * 
cond. Bool. | by 


HO all the Pirciculars chat belong to the 
Firſt Motion ma * * found, by the Me- 


al of 


vole demonſtrarcd in is Book, as occaſion ro- 
quires ; yer becauſe there are "ſome of 
x coffe. ent uſe, Tables are made for 


that his thay — more expeditiouſly taken our | 
of them, which-would otherwiſe require a new 
Calculation every time they are wanted. And 


beſides Tables taken from other „ 28 
of Righe lines inferibed and cice in a 
Circle, of Ge. Aſtronomical ones 


are alſo made; and fach of them as depend 
upon this Book are of two ſors ; namely ſuch 
as are the ſame to the InHabicants- of the 
whole Earth; which either the Firſt 
Motion, or the Fix d Stars; or ſuch as *. 
hold in ſome cercain place of che Earth. 
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10 deſcribe Tables common to all the Inbabitant; 
| of the Earth, relating to the Firſt Motion. 
he Equator and Eclipric are the ſame to all 

the Inhabitants of the Earth, and they are of 
conſiderable and frequent uſe” in Aſtronomy : 
The former, becauſe it is the mean, and as it 


were the Standard of the Firſt or apparent Di- 
urnal Motion of the Heavens; the latter, be- 
cauſe it is the Way and Path'of che Sun, (who 
is the governor of the n and Seaſons.) . — 
mu 


N naitie,” der! is, h Hee 
vein £5 The guar, de 


. 185 
is eln in e 


ndin . 
5 e 


a on correſ 

Aud becauſe Es 
0 e is cg, 
Lis Waben ours, the 
every on ie of which again 
Seconds, and 10 on; the afore- 


Caen to chis divifion * 


3. . 4 7 p # - 901 . 


* * 4 9 # q | . ; 
Ws 4 4 F . # : 12 4 3 7 «1 . , ; . 
* 7% » S 3 0 I . b * a KO. 
9 = * 
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Ou e Tabl., which, rele to. = Py 
1. Stars, that: ape r te ul the r 


hole 
e places of 
7 — by 8 the — 2 
ers are yery 


do 5 


is 5.5 an bow mach e —.— — 
& chat the 


ier ange, as co ſenſes 
To the abovementioned Tublts of che Motion 
— M added 4 Table: of the Re- 


Te 
pre 


fl 


5 


i © 
7 


+ 

* Fe 

52 7 | 
3 


_, the 


tl — 
— 
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| Ihethe Catalogue of the moſt conſiderable Pla- 
ces; Jon have the Elevation, of the Pole in thai 


to which, che Latitude of the Place is 
There is alſoſ ſet down the difference (found by 
Prep. 32. of the Firſt Meridian (whether, it be ſup- 
poſed to pa 6 thro' the place where the Aſtrono- 
met Kres, or. thrdugh the | Azores or Fhrtunate 
17 and of che Meridien of that gp = 
is. expreſſed in parts of the Eq 
„ an Hour. Thus, we 
ſituation of theſe places to one another, and to 
the. Equator ſettled, ac may make uſe of it as 
occaſion requires in — ge or. Hydrogra- 
phy. The Hour reckoned jn,-one;of; the PI _ 
withithe difference. of che Meridians,; expreſſed 
| in onrs and parts of: an Hour, added; to it, 
gives the Haur: reckoned in the more Eaſtern 
place; but e ir, ſhews. the Hour 
reckoned in a ap A eſtern Packs vided _ 
places make uſe of o fans ort of Hours; but 
ic they uſt-a Fr uy b t;-they are tobe reduced 
to the ſume by à proper | 
Nou haue alſo Tables for che xpec 
reduction of an n of the 
— hy any Calendar, and reckoned from 
known . 12 7 * 2 any given frm in 
other p or ſines ah -XLI0a00 ra. 
both. the Epochas may be 0 1 
the. vatious forms of the) 
Nations, the grounds and ALY 0 * cotiftru- 
Ring theſe Tables (which are. as. neceſſary for 
2008 2 8 and Hiſtorians, . Auen 
1 . 
Beſides, che Circles diſtinguiſhing the Des 
and Parallels 'are reduced into Tables by ſome. 


: : 04 8 
14 * l 


For if, you begin at the Equator, the quantity Of 


boy longeſt Day is had, ar tha end e 
9 mate 


place ſer down by it, (dytermined by Prop. qual | 


we che 


0 r 


1 , 


On =t > Reg er hint = wweaA ..o cm. wi. ca ci. 


wy „181670 5 
reg! 19 e e ee 


cowards, the vi Pare ve the Horizon: The Te 
are alſo gen is Declintien' bf the Solf fit 
Point (name the 8. Ae de the Ecliptic) a 
the Right Aſcenſſon: evation of the Pole 
in that place therefore is allo giveir ; chat is," the 


diſtance of che Circle bonnding the Climate or 
Mes ed fromthe Equator, - + 
Ireen — * | 


&* * 
- 
4 wet if} 


7 
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55 
Fer he 8177 e ch xc places and cimes of che 
RES E Setting E Ti Stars an 9 
e 1 knd wh, ate 


Teng 5 Problems a0 at Wen Calculation 


is common d, as oc te But be- 
cauſe the 1 che Sun's. tion is chore conſi- 
derable and frequent,” and” the Ir itlelf in "its 
N i in different def ees of the E- 


55 for 


Es 


ee the right arid ob⸗ 


quator, the 
Aſcenſion -of ey cya ae gree of the Ecliptic 
ed to that degree 18 


ue 
7 33.) 5 
wr wt y its name, out of all whictr 


« Tic expreſſe 
A le rs | made * Ihe ra 7 hea of Tables; for 
Title 8 of Fai a boy 
able, ak 05 the I degrees of the 
Eeipi. Theſe 1 18 Tables are called "Tables 
77 cenſion 61 14 * 
7 This Aſcenſiona 
into Tables, the oblique Aſcenſions and diurnal 
Arcs of every one of he degrees of the Ecliptic 
are in ike manner cafily reduced into Tables by 
Bb 3 bare 


8 6 5 


r woes Tables, by Bae 
of the. Fir , hren lace! 
arth, Let: ed. 9 rt þ > | 


Tables are made fo Latitudes, to 
Ae ig e === of theſe: eg, to the Horizon: 
be 0 Latitude. from the E 


Kifferences being thus reduced 
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EEE ti 
5 De, tes MD bo has 
lng a - 2 
N leaf der f renal 


IS TOWLE 7 


ev degree 
a to the mw 
na ſomecimes Tables of the 


am 1 
2 % 
of N — len ſow of of. Labs Rey 


22 occur, ſuch as are ſhæun in Prop. 67; and a 


and elegan ordering 
Tae may be ad fon thence. wo 


, 
% Ao. ot Aerotr en 5:  Mh EG £8 


% 


M3 4 


29 * N ” . 
| (SUB 4, nir, 


” * 4 
FRO 1 * eo 


1.15 | 2228 7 4 =: 4+ ''% 1 | 
- | 9712 8 775 dy AN * 
_ The Tur 10 Boox. | 
{ Wan — * 1 = 
>. FA 4 1 - * E N ; 


here ſhewn what Laws 
oooh, Fes to deſctibe an El- 

"bp Weur the Sun placed im one of irs Foci, 
| 7 the . will admit of, 
ald All ——— 
e Aftronomers themſelves, 
with Profemy, (Who were for admitting 
nothing but perfe& Circles" in the 8. des 
which eetit d the _— proper for Bodies — 

| * 
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not ſubject to generation or e ſuch as 
Nalgeft 


192 
gal — . Cent. ＋ the Excentric, as the 
Center of he true Motion was A ge ide. f 


thad is, 
. . ee 
Foci age the the 
rehge- of the hk > te 
W e by the obſervations of the Ancients. 


from * point of bifleFion as a Center. For 
former is ſomoet le, 
ſ 260 in TWP nets, by jel lon e 

o Kepler, in . 71 the aries, 


ſuch an Excentric ar Orbit of a, Planet 
does not differ from 20 19 hoſe 
but the latter ſomethin e which Ry 
ſmallneſs of = —— Stv. * Liſt. 
has made it out very clearly and un . , 


from the obſervations of Tycho. "Is true Piale- 

wy uſes an Excentric in the > e 
un; and does ver 

the Orbit i is 2 ee 

the other Planets, be 


TE 2 


upon the Sade 
Copernicus himſelt tog. 
on and way 7 Pl 
this unt > tha 


5 * grape Aa e, its own, 
2 | 5-0 
(which era, voy 


. 
„ 
. — 5 N $* + | 
| "1 dent 
* . 
* * 
— . 
* 
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dent from Beol 3. where he ſays that ol 
tbe motions of 't ; Sters ate equal and circular by na- 
tare; that is, (ase himſelf explains it) that al 
the — _—_ are underſtood to carry about the Stars 
Hein Cir Yes pe equal inter depr 'caual 
Angles at the the FRY edebi Ciraulation, tho he ak- 

in B. 9. quoted, ) and 


bo wg 

99 0 of u ant he would richer have 
Pee. and 2 nm Becca ntrod 

e ſame as am Bxcentric and 4 Tena 
0 eyen 2 Concentrie Vith two Epicycles. 

885 repeated obſervations of 


lpti ho, Kade, . 
c; 4 

35. thar & began to ſuſpe that 
8 Wee ber 15. Oni. 


e 8 g3the. fuſt hint 


D 
Purbachiuts Theorics belong 
: of bore? 7 fack A _ 
ofa Janet A4 LR, where'S [| Fig.1 
be place of the Sun, ASP the ue 
Wyn Aphelion, P. the Periheli- 
f Planet taken at pleaſure, 
OT under. the Right lines 
dhe 8 — 
0 called the Mean Anoma- 
Be; for this Area increaſes equa- 
me.ratio with the time: 
1ST. contain d by the line of the 
1 — L chat carries the Pla- 
uate Or True Anomaly nomaly. For it 
i aer, of a Phyſical Aſtro- 
little as may be from the 


5 
ut res = ker 
OG, 55S. Y. 
4 : , 
* & , a Fry 


" 


ory of all the Planets.” 
Ta 
(Fg. 2.] . Contr is C, 321 
pendiculer GE be let 
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3 Bern _— 
Some Genezal Things belonging to the The 
Prorosrtron I. Lexa. 
T greater axe PA, A,"of rhe Ef P 
deſeribe the Circle PDA, and from 
at pleaſure in the 7. Rog „ 
on PA, int ig 
2 at L; and from ſome point in the Axe AP. 
ance from one H the Foc as 8) to G d L., 2 


lines SG, SL'be un; RES - 

contained under Ne r, SA, SG r and C 
tular Curve AG, while Circle, as t 

res ALS coveted, e kart EA, ST 

"Draw eee e FG, ene 8 

Draw eg parallel to EG, m i 
in e, the Ellipſe in 1, and the 
(by Prop. 21. Book 1 Cos 


will be co CB in the ſabdupli 
a under Pe, e A, to the R 
PC, Cd, or CDA: Aud eg & 
by ro of Peet wEDY 5 5 ore 
IT Elem. 5.) e n to CO; and 

therefore „I: eg:: C: e a ha} 
ratio. And fince this 'is . 

ii upon E 4, ill be to tho 


55, the Semi- . e 
lar Semi- ſegment 46 E, in the fanie 

of CB to CD. Again, oy: 1. N 2 
Triangle LS E, is to the S LE to 


GE; that is, (as has ben y ſhewn)' as CB to 
cb; from roach ag 4 Elem: 5.) AL 
and LSE together, I e- AL $ nene, 


oo 


P, 
18 


S the Sun 5 


Ellipls 
the trilinear 1G $ 


rihe- 
Mean diftance 


Semi- ell 


pleaſure 
expreſſed 
by 


in t 
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by the number of Degrees and Minutes (as is 1. 
ſual.) And becauſe (by 33 Elem. 6.) the arc 4 
is to the whole circumference; as a ſector AGC to 
the whole citcle;-if the Circle as well as the Cir- 
cumference be ſuppoſed to be divided into 360 
equal parts, or circular ſectots to 
the degrees of the Tircumference ; the fame nom- 
ber that expreſſes the ate A 85 expreſſes alfo the 
circular ſeckor A GC; che latter in ſmall ſektors, 
che former in ſmall arcs, either of theſe R 
calls the Anomaly of the Excentric, But 
e N 1 
| culati tio of t are 
diameter to e Circle. Te ; and 
the ſpecies of the Orbit given, the ratio of th 
mean diſtance REN ES © an alſo of 8 
Semi-axe BE to the Sc ae 
and from thence tie ratio of the T e BES 
to the ſquare'of the Radius; and from 
of the arc aſſumed πτ AG to'the « rter oe ha 
Qircumference AD, is given the ratio of the wy 
— em, wiz. GE to DC, and conſequenth 5 
t 


to GE; that is, (by 1. EI. 6.) the ratio 
le 358 66. In the parts therefore, 

which the Circle Ebnitzins 360,there are giveti the 
ſector AGC and the Triangle GCS, ( [= 
logous one LCSis call d the PHH part 75 the E 2 
tion, as the angle S LC the — ) and t 
fore the trilinear aggregate of them A GS," which 
in the preceding Prop. is ſhewn to be proportio- 
nal to the trilinear ALS, and conſequently may 
juſtly repreſent the Mean Anomaly. For if the 
whole area A BP of the Elliptie Orbit be ug 
ned to be divided: into 360 equal parts, the 
of it ALS, namely the Mean Anomaly o the 


Planer in * will contain as many parts of it, as 
AG & contains ſimilar parts of the circular Area 


* and ſo will be expreſſed „ 
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ber; Again, in the triangle G C S, the ratio of 
the Sides GC, C&S being give n diſtance: 
of the Planet from 'the to the Excentricity) 
and. the contained ang GCS, (the complement 
to two Right gle A CG aflumed,) the 
Angle G Sc ce 4 of che Data) will be given; 
and therefore alſo 48 L the Coequate Anomaly, 
namely the Angle whoſe Tangent EL is to EG the' 
Tangent of the:Angle 450, found before, in the 
ratio ofthe leſſer ſemi-· axe C B of the given Orbit, 
to the greater ſemi-axe CD. And (hack the mean 
and true Anomaly, found by calculation, agree 
tothe ſame afſumed Arc AG; they will alſo agree 
with one another; or one will correſpond to the 
other. And after the fame manner any other a 
may be aſſumed, and the agrecable Anomalies, 
(via. mean and true) determined thence by calcu- 
lation, which will conſeqquentiy be correſpondent 
to ane cher r 


er 


prorestrtex III. he? 
TE Ee Anomaly 2 Planet being given, whoſe 
Orbis is given, 10 by ealenlation the true A- 
_— end Dit anct of the Te from the Sun, and. 
E. wi tr | ; ” : ? 
at tis end of Part 4 of his'Celefial Phy- 
* 4 thi nerd is 16 Med method of Cal-/ 
culation for folvitig this Problem. How the 
calculation of the Problem may be perform d by 
an ifidiret method, and fit enough for Aſtrono- 
mical uſes is now t6 de ſhewn; In the Circle 4 DP,: 
Cog: '3.) couching the Orbit in-che Aphelion and 


rihelion, let the arcs AG or angles ACG of che 
5 of. the Excenter, be taken, excee 


one alt by ſingle degrees. For every one of- 


them (by the preceding) find the correſpo 
Anomalies, vis, the mean 125 the * CES 2 
Canon of fas Mean and correſf; 


. for a given Orbit of a Pla 2215 27 is — 
"0 
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to each particular Arc of the Anomaly of the 
Exeentric, 47 mean Ano- 
maly given; correſponding true Anomaly” 
is that which is ſought. Bur if che mean Anoma- 
ly propoſed, ' is not found among thoſe in the 
Cones, the true Anomaly ſought will be fonnd 
(after the manner commonly known) by 4 pro- 
portional part. If you are to work wichone 
Tables, Kepler adviſes the uſe of the Rule of Po- 
ſitlons (call d alfo the Rule of Falſe;) by ſappoſing. 
the Anomaly of the Excentrie 4G an arc, of 
ACG an angle, or AGC &# Sector, (for thefe 
three art expreſſed by 3838 
2s many parts as yon pleaſe, adding or 
ſubtracting from it, fo aſſum d as there is — 
an ous Tri congruous to the Phyfical 
GSC, to maks 
it comes out as 


I 

ſo great, the Poſition is to be corrected 
dy that which does come out, and the operation 
is to be repeated. For finding the Diſtance. of the 
Planet from the Sun, you have in the Triangle 
LCS, the Angle LS C given, namely the above 
found. coequated Anomaly; alſo the Angle LCS, 
the Supplement of the Angle EC A, whoſe Tan- 
t is to che Tangent of the Angle Ac of the 
ly of the Excentric, as the lefler axe of the 
Orb to the greater; the Excentricicy SC is alſe 
given, from whence the diſtance SL of the Pla. 
net from the Sun becomes known. 
And after the like manner, may the Mean Ano» 
maly be determined from the given True one, ei- 
ther by Tables already made, or by the Rule of 

Falſe Poſition. 


Po- 


n uin un 


ind IV. 


Tae: N 
awn gives the 
16 [Fg 1.1 be 2 Sembeirels, Cits Center, 
AB its and & a point given in the Di- 
am og t line as SG is to be 


8 in G, fo as that 
may "be to the 


4 1 

given tatio, name e it done 

Ireen dicular 

GE. Let the Semidiamerer AC or CB be — 

73 AE,-x; let w be à fourth to the 

Right lines SC, CA, and the Semicircumference 
Semcircumk - 


FA 


ee 


roright 


AHB. Then X URN twice 
2 | . 

the Semicircle == gc x my om =—— Again, 

ſince by fy area 48 5: area BHO:: 

? : 9, th. Semicirele 4 HB: area AGS::9 K 7773 
e , and conſeq. 2 4GS, 
Þx2 pm then i Px24 H 
—_——— e 
; Or, Sc A Towards Braks 


CT, fo to C B, as C B i- to CS; and call 47, 5, 
then is CT=b—r, and th. Sc ; and S Cx 
40 ane CE=r—x, ch. 


S$E=r—x tr — Aſo 2408 2240 


+ 2G9E=24GE + GRxts. Bur, by 
r n 


uetat— 3 
Ry — 


| A= . 


. 
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Hence 2 25S EG (SE NEO Fr 
"on 4 

= ONS 4. ed. 


| > pA x * MY 3 
1 * 1 3 24/2, I69/2 So 
bur = 2 AGS= 2AGE + 2.8 EG, there- 


fore, ty reducing the Equation accordin to 
you will find that 775 0 Art, 


Pe: YI 27, bet, + Yano 1 e. 


— pl | 


Fo 
i 7857245. FE 1 6. 
Takin, thersfore AE: 1 many N 
this 6s 9 as you pleaſe, and from E erecting 
EG perpendicular to AB, it will meet the Cir- 
1 R = 
y Prop. fine EG will meet any 
Ellip e del vl upon oo. ap A, 
in L, ſo as g joyn vi 
Semi-Ellipſe AK Fin to two parts ALS, 18 . 
having a given ratio to one mother. 1 

The leſs the diſtance. of the po . s 
(that is, the lefs the &centricity bf wwe ple 
and the ratio of p to 4 the fewer terms of 4 
Serles will ſuffice : For the ratio 6f p to q ought. 
to be ſmall, that the Series, expcoſling whe valug 
of the 10 E, may ſoon cbnverge; thut 
is, that few of its refrns may de W near equal 
to the Segment. 

I formerly pybliſh'd "this Solution? of the Pro- 
blem before us, im a Geometric Exercitation concern- 
ing the * 9 N at Edinburgh * 

t 
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the Year 1884 j. bor. T ehqbghe fe would noe bs #- 


lg to bite agg 1 r . 
Tun F tba KT ates © . 
8 


„ hd 
* "ira 
>, 46 N47 PRO? i aa | 


np} WE 5 

2 
: 

e ws tt bh, may he ter 2 2 


the wholt Elyſe in i gi ratio. 
Thentechod denvered in Prop. 3. of finding the 
comp by the mean, is reckoned tentative 


erue An 1 
Joys 


te by Sres (as P99.) 00 laborious; en Wh 
account Aſcrunomers have recourſe to Approxi- 
er che” e — . . [ts 
AEF, 
whoſe Center is C, ont Focus 8, $2, 
— Focus 5 « Hite thke 3E i eo þ . 
ALS, may have v 
ratio to the whole Ellipſe 4 L - 
© At one of the Fol F, make an angle AFL, ha- 
ving the ſame ratio to four right as the trilinear 
— ought to have to the whole Ellipſe, 
FL meets the Ellipſe in 8 
Line 5 . al the thing propoſed very 
nearly, For it the Foci $ and F coincide with 
x eng ll ir will be exactly, as is evident 
— 33 "Elem. 6; the error therefore k 24 
which from the Excencrici- 
ILL that therefore be ſmall, that is in an El- 
very excentric, the area ALS is to the 
— e as the Angle AFL to four right 
angles; that is in a given ratio, 
Ce SCHO- 


April db 5 18%, 


fo as thut the T 
4 
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ci eu e . 
Kepler hingſelf, who firſt peu d that g Planet 
deſcribed an Ellipſe, ſo as that in equal times e- 
qual areas were delbibed, being cut off by right 
ines draun to the Sun placed in the Focus, 
took notice alſo of this. Approximation, and de- 
ſcribes it in Chap. 3. Part a. B. 5. Epit. thus, as if L. 
were the Planet, the Angle AF L. might be.inftea of 
tbe mcan Anomaly almeſt. But he did wholly forbear 
_ uſing it, both becauſe in the Planet Mars it plainly 
differs from the Heavens, and eſpecially becauſe his 
elegant demonſtrations of the motions from their 
Phyfical cauſes by this means would lie wholly 
neglected and uncultivated, becauſe intirely un- 
known ; he was therefore willing to Filer the 
true Phyſical Theory of the Planets, tho forced to 
uſe an indirect method, as in finding the; coequa- 
ted Anomaly from the true, rather than to follow 
one foreign from the natural one, the the thing 
could be done by it directly and very eafly. . 
Afterwards the Celebrated Aſtronomer Serb 
Ward made uſe of this Theory of the Planets, as 
one that Nature it ſelf took into: heroſrvice; 
and aſſumes that the Orbit of any Planet is: El- 
liptical, in one of whoſe Foci is the Sun, which 
he acknowledges is the true and Phyſical inſtru- 
ment of all the Planetary motions; in the mean 
while the motion of each Planet is ſotempered 
about the other Focus as to form at it, Angles pro- 
ortional to the times; and upon this Hypotheſis he 
has built his Geometrical Elliptical Aftronomy (a very 
excellent work, and what all ſound Aſtronomy is 
very much indebted to.) Far he has applied Geo- 
metry (with which he was very well agquainted 
ſo happily to Aſtronomy, as not only to find 
directly and Geometrically the true Anomaly 
from the mean one given, but to dstermine 
the Orbits of all the Planets, as wall 2 
2 Ss 27. 
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of their figure and ſituation, as in regard of their 
magnitude, (taking the Orbit of the Earth as a 
meaſure.) But ſtill he has nor. wiped off that A 
Tendiz, which Fill clea ves to Aftronomy ; For he ſolves 
this Problem of Aſtronomy, not according to 
the true and genuine ' Syſtem, whereby Kepler 
had 8 Geometers to ſolve them; but 
by a fictitious one, that comes very near the 
true one. Notwithſtanding, the method of his 
Aſtronomy i of very great uſe: Since the Or- 
bits of the Planets are not very Excentric Ellip- 
ſes, but ſuch as come pretty near to Circles, nor 
does Ward's Hypotheſis, wherein he makes the 
motion about the Focus, which the Sun is not in, 
equable, differ much from the accurate one; and 
will be of very great ſervice in determining the 
Orbits of the Planets very nearly, which may 
(by repeating the Calculation, as ſhall be ſhewn 
below,) again be made more accurate at pleaſure; 
'Tis true that Jae! Bullialdus, in his Philolaic 
Aſronomy, while he makes every Planet move in 
an Ellipſe, and cuts this Ellipſe out of a Cone, ſuch 
as that the Axis of the Cone paſſes thro one of the 
Foci of the Ellipſe; and laſtly, while (Che. 15. 
Book 1.) he makes the motion of the Planet about the 
and in Circles. parallel to the Baſis of the Gone, 
to be equal; he has ſuppoſed the equable incre- 
ment of the Angles at the Focus in which, the 
Sun is not; (namely that through which the 
xis of the Cone paſſes,) that is, the Hypotheſis 
it #ard, without knowing of it: Nor did he 
underſtand it, till Ward inquired into the foun- 
dations of his Aftronomy, and demonſtrates it in 
the firſt Chap. of his uiry. And Bullialdus him- 
ſelf, who had commiſetated Kepler on the accogne 
of his miſtakes and defects in Geometry, there 
meets with what he: deſerved at the hands of 
Mard, who ſhows * (beſides the ſeveral er- 
IT} C 2 rors 


— 
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rors, which he Send of POL Afr ered pen 

confefles in his Found. 5 en 8 
and,) that he did not throughly 

own Hypotheſis, while he poſes. —_ 
knowing it, that the motion about the Focus of 
che Ellipſe, in which the Sun is not, is equable ; 
which notwithſtanding had he throu known 
it, he would have fintthed che earef part of his 
Aſtronomy much better and ea £ 
And Count Pagan has alſo ſeriouſy embraced 
this ſame Hypotheſis, namely of an equable an 
lar motion Na planet about the other Focus of an 
Ellipſe, in which the Sun is not for true 
and 1 and has publiſhed in French at Paris 
An. 1657, of the Planets: baile upon it; 
and at the and of -his Theory, has boldly thrown 
upon the miſtakes of che Obſervers, the diſagree- 
ment of it with the Heavens, which is teſt 
in the Octants from the And this 
Thy x comes a fall Year alter Ward's Geo- 
Afrommy, and three at leaſt after the I- 


uiry into the Foundations of Aron. Philo- 
= (where he had nid down the foundations of 
all his Aſtronomy, and conſtructed moſt of the 
Problems;) yer Page goes no farther than the de- 
termining che place of à Planet in its Orbit be- 
ing giren at an aſſigned time, and its diſtance 
from the Sun; that is, the eſtabliſhing the - 
ciples themſelves of Aſt Omitting all the 
comparative Aſtronomy, in the culfating of 
which by G . n en has well 
2 his pain. 
ing ximation to be ac- 
8 {$9 cnngh, (he's, in rhe K befic of 2 
the Mean "the 


ng given, to coequared 
Anomaly, and the Plover: Diſtance Hon the wake 4 
| "ny Orbit. 


: | Let 


of: As7wonomy. y89 


rr Orbigod chi 
is Aphelion be A; Perihelion P, greater 
Ne: the Mean Anomaly che le 
AFL; given, the coequated Anomaly is = 
namely the angle 4 E, and the Diſtance 
r nn viz. SL; that 

e 
Produce IN 


ratio of this right line to FS 1 1 
ny equal to 
IS; and join'BS Aud becauſe (by Pr 
ws) FL and LS taken 


rop. Fz. B.z. 
axe AP, FB will be equal 


Bs 


are 
to the ſame 


Anveanly fſawgh Triangle LFS 


at firſt the -LFS and ade s are given, and 
now the angle ie EST L is found, and the remaining 
one FLS ; therefore the Side E. S will be found in 


hy ets ab given diſtance of the Foci 5H 
KEE edt the Planer from the Sin. 
E. 
In finding the angles FSB; FRS, in the triangle 
BFS, wha RF, F, and the angle BFS are given; 
(by che common Rule of Trigonometry,) B F and 
FS together are to BF leflen'd by FS, as the Tan- 
gent of half the Angles H and FB, to the Tan- 
gent of half the difference of che ſame. But BF 
and F taken are e to A B and FS 
taken and BF leſs FS is equal to AP 
les FL, or twice ; and the ſum of the angles 
Band Van is equal eo the external AFL, name · 
ly to the Mean Anomaly ; and their difference is 
vo to FL the cocquated Anomaly. And 
"ME | chere- 


* * 
— 
. 


E The ELEZNEN TS Book HE 


therefore the ſum of AP and FS is to 2 PF, or the 
halEof. the one SA is to the half of the other P 
that is, the diſtance of the Planet when in it 
Aphelion is to its diftance wherinthe Perihelion, 
as the Tangentcof half the mean Anomaly to the 
Tangent of half the coequated Anomaly: In 
which proportion the two firſt terin are conſtant 
in the given Plane. 

"After the like manner the mean Anomaly may 
be found, the coequated being given. But if you 
don't want the coequated Anomaly” 48 L thar 
anſwers the given mn one 4 FL, but the angle 
FE (called the Elliptic: Equation 5) ĩt will be the 
double of the angie F found before. And this 
angle ſubtracted from the mean Anomaly A FL, 
— Planet deſcending; from the Aphelion to the 
Perihelion, or in tha firſt ſix Signs of the Ano- 
maly, leaves the coequated L: But if it be 
added to the mean Anomaly in the laſt ſix oo: 
of the ſame it makes the coequated Anomaly 
from hence! it receives the name Fefe. 

Dae 
| eren W „ 
70 loin the correction of the precedin oxi- 
. — made by Bullia dus; - A 1 r 
6 & 3 being ſuppoſed the coequated Anomaly and rhe 
dift ance of the blader from the Sus may te" found. 
Iſmael Bullialdus, in the defence.ob his Philolate 
Aſtronomy againſt Ward, in a Book intitubed, The 
Renders of the Philolaic Aſtro ny — , Chap.) 7. 
and 2. ſhews from four Obſers made by 
Tycho, that the Hypotheſis of Wurd lately deſert. 
bed does not agree to Mars, that in the firſt and 
third Quadrant of the mean Anomaly is more 
forward than it ought to be by this Hypotheſis, 
but in the ſecond and laſt sf the mean 
Anomaly is leſs than this Hy requires. 
But even now neither * he 1 müch as 1 
. ac 
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back upon che \ſagacious.'K 
whoſe Phyfical' Syſtem, m— _ oug * to 8 85 
thus in every Ellipſe,. and in Mars ſendibly, (be- 
cauſe its Orbit is ſenſibly excttitric ;) and as the 
very numbers themſelves: which Kepler britigs do 
mom But being reſolved upon cofrect- 
ing Ward's Hypotheſis, in #equital of, the "like- 
kindneſs from him, he brings the following cor- 
rection of the mean — found as above, 
in Chap. 4. of the ſaid Bool ane 
be. the Elliptic Orbit of a2Phinice, 
Apſides, Center, Cc. are expreſſed by the lame 
letters as they have been frequendy beforet And let 
the AF, the mean in the Hypo- 
theſis of, de to four righ tangles, as the tin in 
which the Planet deſcribes the Elliptic Arc 4 E to 
r Time“ And becauſe the point 
L in the firſt and third Quadrant of the mean A- 
nomaly (that is, while thꝭ Angle 4 FL is leſs than 
a right, or greater than two, or leſs than three) 
is not ſo forward as Obſervations require, but in 
the firſt and fourth t too forward; that 
is, becauſe tlie — AFL is in the. firſt calb too 
little, in the ſecond too great; therefore Bullial- 
angle thus. Thro'L draw LE per- 
pendicular to- he xe AP; meeting it in E, and 
the Circle deſcribed upon che diameter A in G, 
join F; let the Angle AFG be taken for the 
mean inſtead of 4FL; the angle A FG 
Bullialdus takes: the liberty of calling the True- 
Mean Anomaly, leaving the name of the Mean to 
the angle 4 Fa, which is proportional to the Time: 
And therefore the Place of the Planer in its Or- 
bit corrected will be the t V, where FG meets 
the Orbit. The angle of the True-Mean A- 
nomaly AV, correſ to the angle of the 
mean Anomaly 4 FL is found very readily, by 
=_ an — whoſe rr is to ** 
| C 4 of. 
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of the mean TNF err 


e is to the labs ;: And this will ba char vw 
6 5 Jen, the — 


en, — 
—— the Side & the Di- 


pgrrection of 8 
ae Loy why mic oaght ox 
22 

uat the meas 

ors, and at the ſame ue the. cateulation ſatisfy obſenva· 
tion ; A 
Aercators judgment) i the Elie Hyporbepit. 
But when Ballialdus . | 
genuine, Syſtem, and - derives the Phyfital cauſes 
E it (Chay, 3. and 4.) after his mannet from the 
| phil "og only leaves SE 
P ic Aſtronomy hol found tedliſpntes as i 


there were no * 
at all. 


— 1 


e m. 


O deſcribe tbe Orbit, bleed As- 
2 — 4 Planet it 
„ and to is its t and 


agreeomen 
diſagreement with Natayal cauſrs and the Ph . 
cies J be divided | AB of the Circle 4 — 5 
g. 8. wided into two equal parts 
point C, and thro it draw an indefinite line DE 
perpendicular to 4 * 3 * 
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ſo that 4G may be to G B as the diſtance of the 
Planet (whoſe Orbit is to be deſcribed) from the 
Sun when it in its A to the diſtance from 
the Sun when it is in its Perihelion ; and take CF 
equal to CG. From F on 4 let a perpendicular 
#H be erected, meeting de Circle in H. On 
the Center F, at the distance FH, defcribe a 
Circle cutting the i nige line DE, in 


tin points D and E, whi dars the extreams of 
— Axe of the Orbit to be deſcribed. To 


find — — draw thro" F any how, the 
IFK meeting the Circle in T and K. 


right: line 
Qntbe Center Ft the diſtaace IF or R, let 
— defcribed ʒ and on che Center G, at a 


Saltance equal to one of the Segments of the 
line IK, namely K For , another \Cir- 
25 the the inreſions of hls e ,L. 
to the Orbit. And ufter this manner, | 
—— both Cen- 
ters ogy — of the Orbit will be determined 
at che fame time. After the like manner = — 
points may be determined, 4. drawin 
right lines paſſing chro , dinnded' Noa the 
Carcle on both ſides. Becauſe the — un- 
der tho of the right line drawn thro' 
the point F and bounded by the Circle is given, 
ing equal to che rectangle under 4F, FB (by 
Prop. 35. Elem. 3 ;) tis evident that the rectangſe 
under right lines FL, GL, drawn from the 
points Fand G, to any point L of the Curve, 


ALB is alſo given, and equal to the rectan 
under AF, FB'or under 4G, GB; and _ 
that 40 ig to GL as El. to GBor FA. As in the 
common Ellipſe the ſum of che right lines from 
the Foci inclined to any point in the Circumfe- 
rence is given, ſo the rectangle under the right 
lines drawn from the points Fand G to any point 
6 on which account 


| W 
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Caſſmi gave the name of Foci to theſe points F 
and G. 8 1 A 11 

He would have this Curve to be the Orbit of a 
Planet, which it deſcribes about the Sun placed 
in the Focus G, ſo as that the angles at the other 
Focus F are proportional to the times; which he 
therefore calls the Focus or Center of the mean 
Motion, as he does the other G, of the true Mo- 
tion, where he places the Center of the Sun and 
of the World. On which account _ two di- 
ſtances of a Planet from the Focus of the true 
Motion are reciprocally as its diſtances from the 
Focus of mean Motion. In this Orbit, the true 
Anomaly, namely AG J. is determined from the 
mean Anomaly or Angle 4 FL, if in the Trian- 
gle.L FG, the Baſe FG, and one of the adjacent 
angles L FG (the complement of AFL the mean 
Anomaly,) and the e under the two other 


ſides FL, FG-being given, the other things may 
io n 

— Ca 2 — — delivered in a 
Treatiſe of the Ori Progreſs f Aſtronomy, has 
this Phyſical —— thay "a Planet, by 
the action of a centripetal Force of a certain kind 
toward the Sun, (whoſe Law may be known by 
Cor.Prop.37.B.1.) may deſcribe the Orbit ALDBE 
about the ſame placed in G, yet this force will be 
intirely different from that uſed in moſt of the 
operations of Nature, and from that whereby the 
common Ellipſe, having the ſame Foci and Ver- 
tices, is deſcribed about the Sun placed there; 
and this over and above, that a Planet deſcribing 
the Curve 4 LD, as Caſini ſuppoſes, (namely ſo as 
that a line FL being drawn every where to the 
Planet, the angle AFL is made proportional to 


the time) does not all obſerve, that univerſal Law 
demonſtrated in Prop. 11. B. 1, ſo as to make the 
area ALG, which the radius G L proceeding from 


the 
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the Sun, deſcribes; proportional alſo to the Time. 
On which account this Hypotheſis, as well as the 
above deſcribd\ Hypotheſis of ' Ward and Paganut, 
s Phyſically Ampotfible. - Tis utterly impoſſible 
that a Plandt; the it be acted upon by any cen- 
tripetal Foret tending toward the Sun, ſhould de. 
Cribe the Perimerer of the common Ellipſe, or 
of 'this Caſſin ian Ellipſe; ſo as that the angle at 
the Fotus where the Sun is not be alſo propor- 
tiomal to the Times. For this being ſuppoſed, the 
arens at the Sun would not be proportional to the 
Times, (as has been ſhewn above of the common 
Ellipſe, and ſhall be ſhewn hereafter of both) 
which notwithſtanding is done, as _ been de- 
monſtrated in Prop. 9. B. . 

But we will demonſtrate that in the Fi gere above de- 
ſeribed AL DBE (pr in any other that is concave every 
where toward the Center, — four parts made by the 
ro axes are equal and fimilar, whe, the two Foci F 
and G equi-dift ant. from the Center,) every angle at the 
Focus E it not to right angles as the area at the 
Focus G to tbe-whole: Figure ADBE. 

Let us ſuppoſe the angle at the Focus Fto be 
to four right as the area at the Focus G, to the in- 
tire Figure [ Ng. 9.] Draw the right line FL per- 

pendicular to B; by which means the angle AFL 
will be a fourth part of four right, or half of two 
right.; and therefore the area 4 LG will be by 
ſuppoſition a fourth of the intire Figure 
ADBE, or a half of the half 43, that is, e- 
qual to LDB what it wants of half. From G 
draw G M parallel to E L, meeting the Orbit 
in A1; and then GM, from the nature of the 
Orbit, will be equal to FL; and conſequently by 
Prop. 33. El. 1. ML ( which intirely falls within 
the Curve ADBE, ſince by ſuppoſition it is every 
where concave towards the Center C) is equal and 


_—_ to GF; and (by Prop. 34. El. 1.) the Tri- 
angle 
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angle 340 L. is equal to che Triangle G F. And 
ſince the Figure AFL is, from the nature of the 
Orbit, equal to the Figure BMG; the Figure 
A LG is equal to the Figure BMEG, contained un- 
der the right lines BG, GL, LM, and the Curve 
BM. Hut it was j inft now fhæwn, that the Figure 
BMDEG, contained under the right lines BG, GL 
and the curve BAD, is equal to the Figure AL; 
and therefore the Figure B ML G is equal to the 
Figure B ; that is, a part equal to the wholez 
which i abſurd. Therefore the Figure 
not a er of the whole Figure 4 D E, _— 
the Angle 4 FL is a quarter of four 2 

very angle — # Is not to 2 
angles as the area at the Focus & to the whole Fi- 


E. D 
— labours under 


Beſides the aforeſaid Hy 
this difficulty, that the 4 and the 
correſponding mean Anomaly, and the diſtance 
of the Planet from the Sun, do not in the leaft a- 
gree with the Phznomena in the Heavens. For 
ſince the common Ellipſe does agree with thefe 
Phenomena, that other, the Cofſinian one, whach 
is of a different nature, cannot agree with them. 

For the place of a Planet, IE 10 time,” in the 
common Ellipſe ATYBZ 10. J will differ 
. nary K Gp k deſcribed 
nero wer A. agg B, and the ——— 
F, G, as well in r of the true Ano 
Angle made wich AB: at G, as of the diſtance 
the Sun, in reſpedt of the diſtance of the Aphelion 
GA. * And cho in Orbits, where the Excentricity 
is very ſmall, the difference is not very ſenſible; 
_ where the Excentricity is great, things are other- 


_ wiſe. In the former caſe, the Circle 42S BX, 
deſcribed upon the diameter AB, almoſt ſatisfies 

the Phznomena. Yet all Aſtronomers now-2- 
days acknowledge that a circular Orbit * ws. 


ALGB 
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broad about the mean Longitudes, as Q and &. 
. Cone Orbit 4DBE, on the contrary is 

h too narrow in thoſe places. Suppoſe for 
inftince, 47 BZ to be the common Ellipſe, whioſe 
Teater axe is to the leſs as 5 to 4; let a Coſmias 
Irbit A DBE, be deſcrib'd upon the fame Verti- 
ces and Foci ; its leſſer axe DE will be lefs than 
the leſſer axe TZ of the true Elliptic Orbit, a- 
bove a third part, whereas in the mean white 9 x 
the breadth of the Circular Orbit exceeds TZ by 
a leſſer part; namely only by a 88 
Therefore this Orbit, fince Phyſical reaſons don't 
ſuit with it, + it is intirely ĩmpoſſible to be 
deſcribed after the manner that C 


ires, namely ſ — bis, ay 1 
requ y ſo as at the other 
Focus, than where the Sun is, may be 415 
tothe Times; for thus the atea defcribed by the ra- 
pius would not be proportional to che Time: Nay, 
to deſcribe it at any tate, a force to- 
wards the Sun is neceſſary that is akogether 
different from rhae which is uſed by nature, which, 
like every ochier natural Virtue, propagated from 
a Center or to à Center, in rig on 
as thi 


ircum- ambient | & reciprocal 
Square of the diftance,) and fince the Orbit does 
not agree with the Phztomena and Celeftial Ob- 
ſervarions, by reaſon of the ſhortnefs of the leſ- 
fer axe, and the narrowneſs of the middle Orb 
ariſing from thence; it ought, I ſay, to be thrown 
out of Aſtronomy. | 


Since the celebrated Mr. Caſſui, in his before- 
mention d Treatife, propoſed ro Aﬀronomers this 
Curve, as the Orbir of a Planet, there have been 
various diſpuxes about the nature thereof, and the 
Law of Gravity requiſite to defcribe it. In my 
ſecond thoughts upon it, its different Species, and 
ſpme properties of them not ſufficiently known, 
preſented themfelves to me, 45 


"= 


— 


398 The BL&M4NTS Book II- 

Tis 8 known that this is the nature 
of this Orbit. If from two given points Fand 
Lg. 11. ] to any point H of the Curve, the right 
lines FH, GH be drawn ; the rectangle under 
FH, GH is equal to a. given ſpace. The 
right line FG produted both ways till it meets 
the Curve, ſhows-the Vertices A and B; and AB. 


is the principal Axe ; and the point & which is. 


the middle between the Vertices, is the Center of. 
the Figure, and DE thro' C perpendicular to 4 B, 
the leffer axe; and the points F and G the Foci. 
In this Figure if the lefler axe exceed the di- 
ſtance of the Foci, the Curve terminating the 
Figure is every where concave towards the Cen- 
ter, as it is commonly taken to be. If, the princi- 
pal Axe remaining the ſame, the diſtance of the 
Foci is leſſen d, the leſſer Axe will be encreaſed, 
but it continues leſs than the Axe of the Ellipſe 
deſcribed upon the ſame principal axe and the 
fame Foci; till at length the Foci meeting it be 
comes equal to the greater axe, and the Figure 
turns into a Circle. But if, on the con , the 
diſtance of the Foci be increaſed, the lefler axe 
will be leſſened, and will become equal to the 
faid diſtance, ſince the diftance is to the principal 
axe as unity to a mean proportional between u- 
= and three. _ ae ee | 
f the diſtance of the Foci be farther encreaſed, 
the leſſer axe will {till be leſſened, and the Curve 
will be no longer concave towards the Center 
but convex, at the extremities of this axe, as ir 
Fig. 12; till the diſtance of the Foci being ſo fac 
increaſed, that it is to the greater axe as the Side 
of a Square to the Diagonal of the ſame, the 
lefſer axe will become nothing, and the Curve 
reach to the Center on each fide. Oh 
If the diſtance of the Foci be greater than 
in the ſaid ratio, the leſſer axe is impoſſible, 
the Figure turns into two conjugate ones, as in 


Fr. 


. 
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Fig. 13. which, upon the increaſe of the diſtance 
of the Foci, will be leſſened, till at length che 
Figure run into two conjugate points. 8 
| The - «ame theFoci increaſing, _ two con- 
jugate Figures do again emerge, and they increaſe 
after the ſame manner as they decreaſed before, 
differing from the former in the order of the 
Foci and of the Vertices, and are increaſed till 
they become infinite. And afterwards this Sy- 
ſtem will again approach to a Cirele by the ſame 
degrees as it receded from it. | 
1 has been ſaid, tis evident at firſt 
ſight, that this Figure is by no means fit to be the 
Orbit of a Planet. Not to mention the caſes 
wherein it paſſes into two conjugate Figures, and 
lays afide the nature of an Orbit, namely where- 
ſoever its Excentricity is ſo great, as Comets (if 
they revolve round the Sun like Planets, as is moſt 
probable) require to deſcribe their courſe: to paſs 
over theſe caſes, I ſay, there are alſo in thoſe 
caſes, where it returns into-it ſelf and makes 

Orbit, ſome with an Excentricity ſo large, as that 
the Curve near the points D and E [Hg. 12. ] be- 
comes convex towards the Sun; and therefore 
the Planet would need a Centrifugal force from 
the Sun to deſcribe this part of its Orbit, where- 
as in the mean while, in the nearer and more re- 
more places B and 4, a Centripetal force towards 
the Sun is requiſite. That is, that the circumſolar 
Bodies may be moved by that Law, it muſt be 
granted, that in equal diſtances from the Sun, 
here the force is centripetal, but there centrifugal ; 
which, how foreigr it is to all the Laws of Na- 
ture, any body may eafily ſee. And tho the Ex- 
centricity of no Planet be ſo great, yet tis well 
known to Geometers, that of a Figure, all whoſe 
Species beyond a certain limit are unfit for the 
diſcharging any office in nature, the remaining 


Species. 
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| Species on this fide of chat limit, can't be ademie- 


ted as fit for that office, Tis neceflary that rhis 


Ca C be thr not 
nian Curve r 2 


upon the account of the 
fore in this P , namel * ma wha 


with. Cele TY Olean, by reaſon of the 
Err: te ire, nd ne Phe reſo an- 
2 3 deſcribe it there would be need 
HY the Sun, intirely differebt 
Js uud of by Natur bur becauſe of its ab- 
ſolute impoſſibility. For it is impoſſible that avy 
of this Figure can be deicrib'd by. a Ha- 
net, ſo as that the at the other Focus, where 
the Sun is not, may be proportional to the titries 3 
for thus the area by the radius that car- 
ries the Planet dloog won not be proportional 
to the Time. For tis not true-.that i 
the angle at one Focus b increments, the 
increments of the area at the other at the ſame 


time will allo bene 


8 ente . 
of che Figur 
upo he Foals fo 


. 


D 


+ 


leſſer 
Foci, as the Side of of a 
If che books oe br 


1 FP wal un 


, * 


oa of Wea zor 


1 1 gs 74107 20. 


— F. f 4 4s q1 — * | — 8 . 


1818 A 2 2 
beskc n l o As: | oth 3 
3 148905 404 
e determining the Orbit df the 
jt Erh. and mr the Earth feen 
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TL ore 
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* the. Orbit we.ought to begin wit 
ey the Ear About the Sun, as well cauſe 
ir 1 lame with that which the dun ſeems to 
deſcribe. in the ſpace of a Year, about the Earth 
as eſpecially becauſe the Species and Poſſtion of | 
this is_niecefſary to determine the fame t 1 — 
the reſt of the Plan ts. For finice the Eye o 

erver is cattied along together with the of tho 
this Way of the Faith ought, firſt of all to be 
known, if you would þe well acquainted with the 
Ways of t other Planets. ... 

Let * apparent motion of the, Sun be obſer= 
ved In the Qipric, when he is fwifteſt; that is, 
when in a given ſpace of time it deſeribes the 
greateſt are toward.the Eaſt; for in that caſe (by 
Cor. 2. Prog. A T. B. 1. the Earth is in the Perihelion P 
{ Fig. 14. ] but when its motion is found to be ſlow- 
eſt the Earth is in ws Aphelion 4. But the place 
of the Earth ſ. rom the Sun is exactly oppoſite 
to the place of t rved from the Earth, 
und therefore an 4 in the Ecliptic of the A- 
phietion and Petielion * the Earth ſeen from 


the 
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the Sun is had ; that is, the Poſition of the line of 
the Apſides of 
ſhew'd how the places of the Fix d Stars in reſpect 
of the Ecliptic, that is, the "cardinal and other 
points of the Ecliptic might be determined in re- 
{pet of the Fix H Stars, 
on of the line of the Apſides of the Earth among 
Fix'd Sears wil of found. The ſame may be 
one by biſecting the angle contained 
two right lines drawn to two places, where the ap- 
t motions of 1 the Sun the Earth per- 
formed in a given time are equal ; for ſuch 
are equidiſtantfrom the point 907 theAphetion hd 
Perihelion. To find the See ofthe Orbit, 
muſt DFN . 3. Fr. 41. B. chat che ap 
motion of the Earth in the A on A ſcen-from 


the Sun in the Focus 8, is to Appafent warhy 


of the ſame in the Perihelion ESF“, o 


And fince the apparent motion 0 che 
ſeen from the Sun, is the fame With the motion 
of the Sun ſeen from the Earth; ; from the obſer- 
vation of chis, while the Earth is in the A 
and'Perihelion, ; 1 ratio of S A4 d to SP1 4 
become known, 'and 'conſequently its ſubd 
cate SA to S by com gund Fand 0 N 
them, yau wi Yar the rario of $,44+SP ro SP, 
and 2 E 4 "AP tc 
ing F to t er Foc 
00 conſequently the ratis of 
given, l MST | 
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the Suncleſcribes 3. (Ovſealſe, compinye rat ith 
time pretty near the 1 points, the ap. 
parent motion of the; Sun will, be equableyithar 
by — 5 L will de ns the times wherein 
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mon, and eon the accurate nes 

of he Shadow and other thin ing: | * 
[4 S; 


* 27121" 8 11 25 


300 "PadpogVieron: l. 


1 4 the quantity of Bernie AY 


Ne p11 © 75 121 


ince the Tropical ear is that ' ſpace of th bh 
wherein — of the Year return a- 


gain; that i My. the Sun depariing from a- 
ny Pein of bea Ange that My 


X U. 9 
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3 


the, Tropic). returns to it again; tis 
a 2 quantity will be determined, if 
twice N in the; {lame 
155 or inſtance, 740 in the ſamerEs 
775 Ip, or in the ſame So lftice, by,the 
A 2 5 din en ird time be divided by, che 
Bi ee lations of the Earth ho the 
An made in e dee 1 Shore be any 
error in determining the m he Equingx 


or Solſtice, that it may * Aer er = meaſure 
of the TropicaliVear..” 32323 make uſe of 


ſuch Equingxes or Solſtio the gręateſt 
ChE Pon one ano her, 8.5 1 the — i 
b 


vided . Fine . 1g Res ma 


Revolutions.) 
may become eiae bl. — 
: = SY Een d 


„ Whic ; Es to, the Modecns, 
i olemy Was too confident 
in pln ha ate 


frm lf nor Archimedes had 
much 25.2 quarter, of. a day i pes 2 — 


rm ef i 


Nen ws the Solſtitials; and 
ays, That the Solſti- 


Prod. 57 
ces, tho th bo hea 1 Act by = nd green Inſtru- 
ments, an 7 exp. Aide can ne- 
er be andre [op rhe r [mall ſtronomers 
es made 0 the, Obſcr ee 00 the Equi- 
Bere, whoſe 1 moments th ught. more et 


ro Ae e, on be — unt o 
nfible ch a of the De e or che San 
tk the times of the Sölſtices. Buc, by. the 


help of the preceding Method, the times of the 
Solftices themſelves may hereafter be determined, 


at leaſt as accurately as thoſe of the Equinoxes. 


mY 


Where» | 


The EI ZU EN TI — 


Whereas the Sun ſeems to move fornetimes 
ſlower and ſometimes ſwiſter, (according to the 
e velocity of the Earth abour S_ 

Fr Ko do ed. 7 
n 
e 
Motion, (being real 


mene XIII 


determine the 1 the MPs: " 


procelion of f he 85 BY 


Sear Ses he Wl inch 


Year, gives th 
peel Tes e Sum departing Riu 
= poine ofthe moyed Wan e Wore 

in the mean a1 rwards 
eo meet it, ae og e Ir che Sun 
deſcribes that arc thro* which the ſaid point of 
the *Ecliptic moved to meet the Sun; that is, 
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1 XIV. 
* N the San, determined y P 

2 B. 2. and the Periodic Time of the 220 arr 
equal to the Syderial e 
p. to find the $ 4 
Prop. bing e of the e 
1. Time when the Earth is i rhe phe 


"The 'merhods laid down in 9. for finding 
Species and Poſicion of the O ie of the 
require ſuch . obſervations that they are 


ce: We ſhall therefore 


— 


ſttion, 


IE 


, the ratios 
ipſe og 


under the gh ex pen 82 
SD, and che Curve of 
ene ot ah Raced, S and 


EE , A its Apheltion, P its Perihelion. 
Center Si a Circle deſcribed by A ra- 


tion, SB, SC, 
ple, in given ra- 


lifies FB, FC, FB, PR, FZ 7 Jt 3 uce 
due of them 2 F untill it meet the C fe- 


ſence again in &, and join R G, GT, Z, 1 
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If ACDPB be the true Orbit of the Earth, 
then (by Prop. 5 the Angles BFC, CFD, BFD, 
will bg reſpectively to four right angles nearly as 
the Times between the Ine © to the; Perſo- 
ic Time: on the contrary, if the ſaid, ratiq 
hold in theſe angles, AA is the Orbit of the 
Earth ſought, What an gf there! 1 l to be dane 
- ro find oſition I, bene line — 
AP, _ the Species of the Ellipſe, by farigg 
15 the angles BSc, CSD and RFID, 
given, ratios al of. che angles B FC; CFD and; BEA 
to four right angles... ö 5 1 811 434 
Since there arg given che angles S, 27 br, 
namely the obſerved differences of the Longitudes 
and the angles Þ, CRD,BED, namely the Mean 
2 of che, th almoſt for the — L 
the. rimes 5 che Obſqerazipns ; 4 
chere are Id gien RFZ, ZI, RFT Arier 
44 oportionals between: BEC and; B 
FD an d 2817, BFD and RST wee 
1333 SR is equal to A hy conſtructian 
the ſum of the right, lines S. and B. F equal ta 
the ſame, (by Pr i 89 205 N 
nius) B R and f. E wil 
like mane, may C2 CE. — a 3 be lies 
Dh DF he. ey n to be ſequen 
5 ad FFK. ( F FB, DEE 2 
D FY will be equal. Bus the angle B FC 
EFZ + BFR T CEZ; and R FZ = RS Z A 
r Since zhegefore R FC exceeds 
REZ as probes chat does the japgle K S Z; ki 
* e g aſe Ari ly. proportional. 
are CEP, Z FT, Z S 
alſo the ang HED. 1 " RSyare Arithmetical 
e in the lm ra a Ga Ga 


cAnglesare given; namely YFGeq: 
W 
5 


plemene gf rhe angle WED wer 
n. Proporgogal. herween. C 
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Which are kudyn, and 7G E half the obſerved 
97 5 Z Tr And therefore ſuppoſing 7.F to be 
any. number © 7 Pares whatever, FG will be 
Ps in ih Hols $ In the Triangle R FG 
. all, 17 angles AN given, (namely RG the 
ment of ZFR to two right, and FUR halt 
jag ZSR and the ſide 2 ZR: will be given. 
in the Trian gs FR there being given 
f And FR, Aud d angle Y' R, (becauſe, a 
mean Ari Arithmetic proportional between BFD 
and BSD,) TR given and; the angl 
FRY, Fr R. Then, in the Iſoſceles Triangle 2 
all the angles are given ( becauſ 2 R; at the 
vertex of the Triangle is given) and. LR, there- 
fore Ae . alſo w vill given. Laftly, in the Tri- 
T8 he an 4 Frs is | Swen (he dif- 
— ol berwe — known a RYS, RYF) 
d the ſides FY, TS; therefore the angle TS 
and de S F will be found. But the Poſition of 
be right line 2 S*is Geer namely the Place of 


Sun in the thir ervation, when the Earth 
sin D ; there 5 the Poſition, of the line of 


the Aphdes at F. Will be given, becauſe inclined 

1 e 30S 8 Fto T5. given | by poſition. 

But ih the fame parts, in which, 7'$ is expreſſed, 

the ri ht line 8 F is found ; therefore, the ratio 

wit TS or what is equal. to it 4A P tg 
ore Axe of the Orbit, and S F the difance of 

e Fori is given; that is, the Species, of the Orbit. 

805 cah any thing elſe be determined by the Oh, 

77 87 For every” Elliptic Orbit ſimilar to 

. ape. the Focus, S, whoſe gredr- 

175 IF: > poſition with the righc ling 

IN DF, the double of S T 

tel 7a ie en; DFS is found, and 


fy the ae propoſed. 42 

S, the ſide S F, the an 

1 Te angle 
cpnitequently D F 4 contiguous to it. Bit the 
Ry Time 


W 


414 The EI tu RNA Neben 


Time which is to the whole Periodic Time as the | 
angle D F.A to four right, is that which ha 
between the moment of the obſervation 

and the moment chat the Earth is SE 
this therefore becomes known. . | 

The method of determinin the. S es of 
Orbit, and the Poſition of the Ling bf the Apſid 
here delivered, agrees as well to any other 
revolving about the Sun as to che Earth, proyi- 
ded is are bur three Obſervarions, as much to 
the purpoſe in this other Planet, as theſe. theys 
uſed about the Earth. | 


ProvosrTioN XV. 


O correct at ple l oi 


Apſides, and the Species of the 
dae 


Let the Poſitlon of the line of the A 
the Species r che 


will uſe 4. 
25 's,) this may be done by 


Ed ED SEL 
the former. that are * | proporiga to the 


es; that is, in the lan 
Ta 00 help och angles of 1 8 mewn 
thus equated, en of os 5h an 


more accurate. 4 
col 
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COROLLART 


* From whenee the Motion of the Apſides of the 
Ordit of the Exsth may be determined: Namely 
by comparing of the he Place of the Aphelion at 
preſent with its Place ſome Years ago, (both 
which are found hy 52 — corrected by - 
 Prop., 15, and arc made in the 
mean while by yg. ſaid Aphelion by number of 
the intervening Years, the Annual Motion of the 
Aphelion will come Torch, which alſo will be ex- 
dA; a Year. 


proros i110 XVI. 


0 U Place of the Earth ſeen from the Sun, 
4b and. 55; om the Sun ar any given Time, 
; Te Feen of he of the Earth, and the 
of the Aphelion for any known time being 
ed by the two laſt Propoltions6nd the place 

of the Aphelion ſor the time given: And if it be 
ſince the time to which the of the Apheti- 
on was 44 add the motion of the the Ap- 


= before; and you will 
ll oy Pond che Aphelion for the given time. 
 Fhen the: eims when the Earth once was in 


in its Aphelion 
before the Time propoſed, and conſequenely the 
ratio between the Periodic time of the Ea and 
the time elapſed ſince the laſt Aphelion is known ; 
t is, in the Figure ALP (Ng. x.) repreſenting the 
bit of the Earth, the ratio 2 intire Hlipſe to 
the area A LS: And conſequently (by Pp. 354, 6 
* ) che angle ASL will ty 
| 7 n 


R 1 
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And ſince the poſition of the right line AS is 
known, the potion of the right Tine & L will al- 
ſo be known; thiit is, the Plice of the Farthiſeen 
from the Sun. i Beſides, by the Propofitions above 
cited, the ratidꝭ of the light line LS to the right 
lige AP. becomes known; that is, the Diſtance'of 
the th from the Sun in the parts 6f the greatet 
Nei ent ef 
0 pers irion NI : 1 
T 0 * the inequality of the natural Days, aud 
to ſhew the Equation te. 
Since it is <6 buſineſs of an Aftronomer to 
ſhew the motiotr of the Stars, and this is perform. 
ed in Time, and can't be conceived without ic} 
and ſince the moſt'ſenſible part of Time is a Ba- 
tural Day, dy the repetition of which a Year, and 
the diviſion of which an Hour and the parts 
an Hour are made; and ſince in turing 27 K 
cheir motions, all days ought to be ſup 
qual; as far as this ſuppoſition is from 55 10 far 
even the Celefftat motions taken out of the Tables 
will diſagree wih the Phznbmena,/ if no account 
of this inequaliey be taken. To utiderſtand this, 
let it be obſerved, that a Natural day is that ſpace 
of time, that intervenks between the Sun's lea- 
ving 2 given Meridian in the Heavens and 
turning to it again; that is, the ſpace wherein a 
revolution of the whole Celeſtial Eaunder is per- 
ſormed, and over and above, of that 1 of it, 
chat anfwers to ſdeh a portion of che Feliptic;” it 
the Sun deſcribes in he mean while by its Annual 
motion towards the Eaſt. But becauſe this por. 
tion of the Equator, added to the whole Equator 
is not every where equal, as well on the account 
of the Obliquity of the Ecliptic, as that the a 
ent Annual motion of che Sun about the Earth 
is not equable; neither will theſe Natural days 
be 1 : And would therefore then be equal, * 
the 


Book TH: of Asrxondiy. 417 
the Sun ſeen from the Earth in its Annual motion. 
moved both equably and in the Equator; and 
tis evident in this caſe, after that the whole E- 
quator has paſſed the Meridian, there remains 
that portion ſtill to paſs, which the Sun in the 
mean while would deſcribe by its Annual motion 
towards the Eaſt, which portion would always 
be equal to icſelf, ſince we ſuppoſe this motion 
to be equable ; and therefore even the Time mea- 
ſuring the paſſage by the Meridian of the whole 
Equator and this additional part, would be al- 
ways equal to itſelf. Let us therefore ſuppoſe a- 
nother Sun, as was ſaid before, moving in the 
Equator, and conſequently meaſuring the equal 
or mean Time: Tis evident that the difference 
of the Time, between the appulſe of the true and 
imaginary Sun to the Meridian, or any other 
Hour Circle; is that which makes the mean Noon 
of the apparent Noon, and the apparent of the 
mean; that is, the Equation of Time itſelf. And 
becauſe the true Sun and that point of the Equa- 
tor, Where its Right aſcenſion ends, arrive at the 
Meridian together; and the Equation of Time 
is that ſpace of Time, that flows while the Arc of 
the Equator contained between the extreme point 
of the Right aſcenſion of the true Sun and the place 
of the imaginary Sun, paſſes the Meridian; if 
this Arc be converted into time, you will have 
the Equation of time ſought. Beſides, the place of 
the imaginary Sun is as far diftant in the Equator 
from the point of the Vernal Equinox, as the mean 
place of the Sun in the Ecliptic is from the 
ſame : And therefore the foreſaid arc of the Equa- 
tor, the meaſure of the Equation of the time, is 
equal to the difference between the Right aſcen- 
ſion of the true Sun and the diſtance of the mean 

ace of the Sun from the Vernal Equinox. But 
it is commonly known, * the difference of any 

wy — | wa 
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two Quantities A and B is equal to the difference 
between 4 and any aſſumed quantity X, and to 
the difference between this X and Bt er. 
Aſſuming therefore a third arc, namely the di- 
ſtance of the true place of the Sun from the Ver- 
nl Equinox, the Arc meaſuring the Equation of 
ime will be the ſum of the two arcs, one of 
which is the difference between the Right aſcen- 
ſſon of the Sun and its true place in the Ecliptic 
the other the difference between the true an 
mean motion of the Sun. But ſometimes it hap- 
pens, that the difference of the two Quantities is 
equal to the ſum of them taken ſimply ; namely 
when the one is 2 and the other poſitive: 
Therefore an Arc tobe converted into Time, to pro- 
duce the Equation of Time, is always the ſum or 
difference of two arcs, one of which is the diffe- 
rence of the true Motion of the Sun and its Right | 
aſcenſion, and the other is the difference of che 
true and mean Motion of the Sun. | 
But becauſe this Arc. conſiſts of two parts, we 


will conſider them ſeparately. And firſt let us 
abſtra& from the unequal motion of the Sun un- 
der the Ecliptic ; that is, let us conſider it a little 
while as equal ; and therefore the motion of the 
imaginary Sun in the Equator will be equal to 
the motion of the true Sun in the Ecliptic, or 
the true and imaginary Sun will be equally di- 
ſtant from both Equinoxes. And becauſe in the 
firſt Quadrant of the Ecliptic, or from the begin- 
ning of Y to the beginning of S, the diſtance of 
the Sun from the beginning of V is greater than 
its Right Aſcenſion ; the imaginary Sun will be 
farther diſtant from the beginning of V toward the 
Eaſt, than is the Right Aſcenſion of the true Sun, 
and therefore the true Sun arrives at the Meri - 
dian ſooner than the imaginary, becauſe more to 
rhe Weſt; that is, the apparent time Ne 
e 
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the mean : heteupon when the Sun is in the firſt 
Quadrant of the Ecliptic, that part of the Equa- 
tion of Time, which is the difference of the true 
Motion of the Sun and its Right Aſcenſion, turn d 
into Time is to be ſubtracted from the apparent, 
to make the mean or equable Time. But when 
the Sun is in the ſecond Quadrant of the Eclip- 
tic, its Right Aſcenſion is greater than the di- 
ſtance of the Sun from the beginning of V, (be- 
cauſe the complement of the Right Aſcenſion 
to a Semicircle is leſs than the diſtance of the 
Sun from the beginning of ;) and therefore 
the imaginary Sun (which, by ſuppoſition, is as 
far diſtant in the Equator from the beginning of 
V, as the true Sun in the Ecliptic is diſtant 
the ſame) is leſs diſtant from the beginning of 
V than the true Sun; and conſequently arrives 
at the Meridian ſooner, and therefore the mean 
Noon precedes the apparent ; that is, the mean 
Time reckons 12 Hours, when the apparent does 
not yet reckon ſo many, tho' it be the ſame mo- 
ment, but differently called. And therefore in 
this caſe, when the Sun is in the ſecond Quadrant 
of the Ecliptic, this part of the Equation of Time 
(which ariſes from the obliquity of the Way of 
the Sun to the Equator, and is the difference be- 
tween the Snn's motion and its Right Aſcention 
turned into Time) is tobe added to the apparent, 
to make the mean time, or to be ſubtracted from 
the mean to make the apparent. But if the Sun 
be in the third Quadrant of the N the ſame 
is to be done as if it were in the for here 
the diſtance of the Sun from the beginning of * 
is greater than its Right Aſcenſion, as in the firſt: 
And the Sun being in the fourth Quarter, the 

fame holds as to this part of the Equation of 
Time as if it were in the ſecond, and for the ſame 


Ee 2 Let 
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Let us next conſider the Inequality of natural 
Days ariſing from the une qual motion of the Sun 
in the Ecliptic, or the Equation of time ariſing 
from thence, laying aſide a little while the Obli- 
guity of che Ecliptic; that is, conſidering the Sun 
as moved after the like manner, and with the 
ſame celerity in the Equator as it is found really 
to move in the Ecliptic, and that theſe two Suns 
the true and imaginary, left the Apogæum toge- 
gether. And fince the imaginary one moves with 
the mean Motion, it muſt go before the true one, 
while it goes forward from the Apogzum to the 
Perigzum ; that is, the imaginary one is more to 
the Eaſt than the true one: The true one there- 
fore arrives at the Meridian ſooner ; therefore 
the 2 Noon precedes the mean. And 
the difference between the places of the true and 
imaginary Sun, or between the true and mean 
Motion of the Sun, converted into Time, is the 
Equation of the time ariſing from this inequality 
the Sun's motion: This Equation therefore, 
while the Sun goes from the Apogæum towards 
the Perigæum, or (in the maffurks of an Aſtrono- 
mer,) in the fix firſt Signs of the Anomaly, is to 
be ſubtracted from the apparent Time to produce 
the mean, or added to the mean to produce the 
apparent out of it. In the Perigzum the true 
Sun overtakes the imaginary, and from thence to 
the Apogzum is more to the Eaſt: The imagi- 
nary one therefore in all this time, namely in the 
fix laſt Signs of the Anomaly, arrives at the Me- 
ridian ſooner ; that is, the mean Noon - precedes 
the apparent Noon, by as much as the are be- 
tween the imaginary and true Sun ſpends in paſ- 
ſing by the Meridian; that is, as much as that 
arc, namely the difference berween the mean 
and true motion of the Sun converted into time 
makes. This part of the Equation of time _ 
| . ore 
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fore in the preſent caſe is to be added to the ap- 
parent time to make the mean, or to be ſubtra- 
cted from the mean to make the apparent. 0 
And when both theſe cauſes of the Equation of 
Time hold. (as they really do) both theſe things are 
to be done; that is, to equate the Time you muſt 
conſider the Sun two ways, viz. both in what 
4 of the Ecliptic it is in, that one 
fro 


part 
the Equation may be added to or ſubtracted 
m the apparent, as was ſaid before; and in 
what Sewicircle of Anomaly, chat the part de- 
pending upon that, may be added or ſubtracted 
according as the nature of it requires. And on 
this account it is, that the Equation of natural 
Days (which, from what has been ſaid above, ab- 
ſolutely ſpeaking, is the Difference of the mean 
place and the iright Aſcenſion of the Sun's true 
place turned into time) is made up of two parts, 
And becauſe the vernal Equinox and Apogzum 
of the Sun, the heads or beginnings of theſe 
parts, don't always keep the ſame poſition to one 
another, but the former being carried towards 
the Weſt leaves the latter, (as was ſhewn in B. 1.) 
comes to paſs, that the (abſolute and only) Equa- 
tion of Time made up of theſe is not perperual, 
but uſeleſs in a few Years, the Sun not poſſeſſing 
the ſame degree of the Anomaly, or the ſame ſi- 
tuation in reſpect of the Apſides, when it returns 
to the ſame point of the Eclipcic. 
_ - Ptolemy expreſly demonſtrates the above men- 
tion d Equation of Time, Chap. 10. B. 3. of Great 
Conſt ruct, notwithſtanding Vendeline and others have 
ſaid that it is all uſeleſs, and uſe the 2 and 
mean Time promiſcuouſly. Kepler on the contrary 
ſuſpected a third cauſe of equating the time, ariſing 
from the diurnal Motion of the Earth's not being 
ĩntirely equable, but ſometimes quicker ſometimes 
flower, according as it is more or leſs diſtant 
2 4 E e 3 k from 
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from the Sun, the original of its motion; and 
calls the part of the Equation depending upon it, 
the Phyſical Part, leaving the name of the Demon 
ſcrative to the other (deſcribed above, which is 
made up of two parts. 7ycho alſo had a ſuſpicion 
of the acceleration or retardation of the Firſt Mo- 
tion, and 2 for enn es 35 — For 
Equation depending upon the Sun's Anomaly, 

means of it 4 only made uſe of the other 


ariſing from the Obliquity of the Ecliptic, which 
he calls the Empyric, becauſe it would. ſuffice for 


the finding by Calculation the Eclipſes he had ob- 
ſerved. But Strees:thiought this Inequalicy. of the 
Ficſt Motion, to be ſufficient for the making uſe 
of the part neglected by :7jcho, under a contrary: 
Title, as he has put it in his Afroneomia Carolina, 
* PRO POSITION XVII. 
5 correct the Place of the Sum, ſeem Fam tbe Earth, 
ud Fi 295-4 
If the given Time is the mean, the Place found 
needs no correction; for it is hitherto the true. 
But if otherwiſe, let the apparent given Time be 
converted into the mean (by the preced. Prop.) by 
taking the Place of the Sun found above, Prop. 16. 
as accurate: (For that Place of the Sun is really 
accurate enough for the determining the Equation 
of Time, ſince it continues very nearly the ſame; 
whether the Place of the Sun be that which is 
found above, or the true and moſt correct:) And 
to this mean, again (by the ſaid 16 Prop.) find the 
Sun's place, and the place thus found will be the 
correct and accurate one. For the mean Time 
only is fit for Aftronomic uſes, on which account 
it is call'd the 4ffronomic. Times; this therfore 
ſhould be maſs uſe of: But to pon 2 — 
mean when the apparent is given, the Sun's place 
is neceſſary; that therefore was firſt to befound, 
5 | TED 7 
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by uſing the apparent Time, as if it were the mean, 
to find the Bhaxtion of the Time. But this once 
found, and the apparent Time reduced to the A- 
ftronomic, ſeek for that Time (which is the — 
with the moment propoſed, but expreſſed by 
number fitted for an entrance into the Tables) Ar 
Sun's place (by the ſame Prop. 16.) and the Di- 
ſtance of che Earch from the Sun, which i is evi. 
dently the true and corre& one. 

The converſe of this Probletn may be ebn- 
ſtructed much after the ſame manner, and the 
Time may by found, when the Sun ſeen from the 
6 * 


tl 
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| $zorioN III. 


Coney ts determining the Orbits of the 
| reſt of the Primary | A and compoſing 


the Theory: of them ſeen both from _ 
Sun and the Earth. 


PhvoVtrion XIX. 


O | dnowin by obſeryation the Poſition Ca the 
of the Nodes of a Planetary Orbit, and the 

| Difco te * e when is 1 rhe Node, from the 
un 

In A 0 8 Nane fitted to the two caſes of a 
ſuperiot and an inferior Planet, let S repreſent 
the Sun ; Ti the Orbit of che Earth, whoſe Fo- 
cus is S; Ny the Line of the Nodes of the Planet 
propoſed. And firft let the Earth be in 7, 
and from thente let the Planet be obſerved when 
in the Ecliptic, and therefore in its Note, ſup- 
pl P: For the Planet will never be ſeen. in the 
cliptic from the Earth, being in the Plane of 
the Ecliptic, unleſs when it is alſo in the Plane of 
Te 4 the 


/ > 
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the Ecliptic. Aſter an intire revolution, let the 
Planet be obſerv d in the ſame Node, when the 
Earth arrives at t. Let the right lines $7, Pi; be 
imagined to be drawn, as alſo. St, PT interſecking 
one another in the point X. In the Triangle 
ST X there are given the angles 7 St by the Theo- 
ry of the Earth and Time between the obſerva- 
tions, and ST P the gbferyed Elongation of the 
Planet from the Sun, and the Side ST the Diſtance 
of the Earth from the San in, the former obſer- 
vation. Therefore S & is ſqund aud ſo X , ſince 
St the Diſtance ↄf the Earth from. the: Sun in the 
ſecond obſervation is alſo given: Again, in the Tri- 
angle A the angle :X equal tothe angle I in 
the former is given, and the angle Sr P the elon- 
gation of the Planet from the Sun in the ſecond 
obſervation, and the fide i X lately found; and 
conſequently the ſide P, will be found. . Laſtly, 
in the Triangle 8. P, the ſides t S, P gi- 
ven, together with the angle contained PS, SP 
the: Diftance of 2 Planet in a Node from the Sun 
will be found, and the angle tS that the Centric 
1 (or that ſeen from the 1 contains with 
given n y, the Place of the 
Tard ſeen from the Sun at gy time of the ſecond 
obſervation; and the oppoſition to this is the 
Centric Place of the other Nade; that is, the Po- 
fition of the Line of the-Nodes N ». 
By this means the Motion of the Nodes of. the 
Ocbs of the Primary Planets will be determined, 
by comparing the Place of the Node of each Pla- 
net found out by the obſervations of the Ancients, 
with the Place of the fame determined by the ob⸗ 
ſervations of the Moderns. | 
After the like manner, if a planet be obſerved 
twice in any other point of its Orbit from the 
| Earth, the Place of the Planet ſeen from the Sun 
| and its Diſtance from the Sun are determined. 


* | Pro- 


* 
| 
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| | Paorosrion XX. 9 R 
define by obſervation the Inc linat ion of any Pla- 
net ary Orbit to the Plane of the Zap. 


Let S repreſent the Sun; the Circle NBA 
LEg. 21. ] the Ecliptic among the Fix d Stars; 
and N As the Path of the propoſed Planet, ſeen 
from the Sun among them: And the right line 
Nen will be the Line of the Nodes known by po 
ſition, (by the preced. Prep.) Whenever the Earth 
arrives at the ſaid Line of the Nodes, which it 
does twice a Year, the Time of which (by Prop. 1 8.) 
Is known; let the Geocentric Place A of the Pla- 
net P be obſerved: (by Prop. 27. B. 2,) whoſe La- 
titude is AB an Arc perpendicular to the Ecliptic, 
and Longitude VB. Since the Longitude of the 
Sun VN is known, the difference alſo of theſe 
Longitudes NB will be known. In the Spherical 
Triangle ANB, right angled at B, the Sides A B, 
NB are given; and therefore the angle ANB, 
the meaſure of the Inclination of the Plane N As 
of. the Orbit of the Planet to the Plane of the 
Ecliptic NB», will be known. | 


 ____ PREPoSITION XXI. 

* the obſervation of a Planet in Oppoſition or 
Conjunttion with the Sun, to get away its Second 

Inequality and find its Diſtance from the Sun. | 
9; Beſides the true Inequality in the motions of 
the Planets viſible to an Eye in the Sun, placed in 
the common'Focus of all the Orbits, there is an- 
other Optical one, ariſing from the annual motion 
of the Earth, relating to us living on the Earth. 
The former, which is proper to the Planets, is 
called by a name proper enough, the Firſt Inequa- 
lity ; but the other is ſecondary, as it were to the 
. and therefore juſtly called by Aſtrono- 
mers the Second Inequality: And he is ſaid to get 
9 ic 


- 
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it away, who ſhews that Place of a Planet, which 
an Obſerver would fee from the Sun. Let $ (in 
Fig. 22.) repreſent. the Sun, I the Earth, P [the 
Planet in its Orbit, NB the Ecliptic among the 
Fix d Stars, NA the interſection of the Orbit of 
the Planet with the Sphere of the Fix d Stars; N 
the Node: And ſeeing the Sun is in the Plane of 
the Orbit of each Planet, the right line SN will 
be the Line of the Nodes. Let the Earth T be ſeen 
from the Sun among the Fix'd Stars at B, and the 
Planet P at A. 2 the Planet is either 
in Oppoſition to the Sun, (as in Eg. 1ſt) or in 
Conjunction with it (as in the.2%) the arc of the 
great Circle connecting the points A and B, is 
the arc of the Circle of Latitude, and conſe- 
2 perpendicular to the Ecli 


pherical right angled Triangl | of = 
right angle 4 B re are 
given the angle 4NB the meaſure of the Incli- 
2 1 1 8982 
the Ecliptic, (found by the preced P 
ſide BN, namely the inclination of the right line 
TS given (by the Theory of the Earth) by poſiti- 
on to SN the Line of the Nodes found by 
on (by Prop.19.) Therefore there will be known 
the Side AB, the Centric Latitude of the Planet, 
and AN the Diſtance of the Planet in its Orbit, 
ſeen from the Sun, from the Node N, which is to 
t away the Second Inequality of the Planet. 
areover in the rectilineal Triangle PST there 
are given ST from the Theory of the Earth, and 
the angle PTS the Latitude of the Planet by ob- 
ſervation, or its complement to aSemicircle, and 
the angle PST the Centric Latitude of a Planet 
found above; wherefore PS and PT the Diſtances 
8 the Planet from the Sun and Earth will be 
now. WR 


- 


— 


Pro- 


Book III. of As TRONWOMT. 427 
Poros triox XXII. URN. 
r le obſervation a Planet whatever, 1% 
B 22 its Second A bk and find its N- 
Let the Planet P (in Fig. 23.) be obſerved, the 
Line of whoſe Nodes is NS, from the Earth T, 
with the apparent Latitude PTB. Let the Plane 
of the apparent Latitude be produced, till it cut 
the Plane of the Orbit of the Planet in PN, and 
the Plane of the Ecliptic in the right line B TN. 
From P let fall PBH perpendicular to the right line 
NB, and from T erect TO perpendicular to the 
fame NB, which (by Prop. 38. EL 11.) will be per- 
pendicular to the Plane of the Ecliptic, becauſe 
the Plane of the Latitude PN is perpendicular 
to the Plane of the Eoliptic. From T let fall TE 
perpendicular to the right line NS, and join OE, 
which is ieular'to the ſame NS; and the 
Angle OET will be 


to the Inclination of the 
Planes of the Orbit of the Planet and of the E- 
liptic. In the Triangle NST are given the Side 
ST, and angle TSN; by the Theory of the Earth 
and the known place of the Node, and by ob- 
ſetvation the angle NTS, the Elongation of the 
Planet from the Sun computed in the Ecliptic, 
or its com t to two right; therefore the 
Sides TN and NS, and the angle 7 NS will be- 
come known. In the Triangle TEN right 
angled at E, NTand TN E are given; and con- 
ſequently TE. In the Triangle OTE right angled 
at T, there are given TE the Side found juſt now, 
and TEO the Inclination of the Planes of the Or- 
bit of che Planet and of the Ecliptic, known by 
Prop. 20. of this Book ; therefore OT will become 
known. IncheTriangleOTNrightangledatT, there 
are given OT and T N found before ; and there- 
fore the angle ONT alſo. In the firſt * 
ä NT, 


423 The ELEMENTS Boo III. 
PNT, there are given N Z, and the angle TNp, 
alſo PT N the apparent Latitude of the Planet 
known by obſeryation, or its complement to two 
. Fight ; fore N P will be known. In the 
Triangle NP B fightangled at B, the ſide NP 
and angle PN B lately found: being given, P B 
and NB will be found. In the Triangle BNS, 
NB and N and the angle BNS being given, 
NS B the Centric Longitude of the Planet com- 
puted from its Node, and the fide $ B will be 
known. Then in the Triangle NBS rightangled 
at B, PB, BS being known, PS the Diſtance of 
the Planet from the Sun will be known, and the 
angle PSB its Centric Latitude. Laſtly, in the 
Triangle PNS all the ſides being given, the 
angle NS is known, the Centric Diſtance of the 
Planet in its Orbit, com from the Line of the 
Nodes given by, poſition (by Prop..1g.). in its Or- 
bit. The Se Inequality of the Planet there- 
fore is got rid of, and its Place ſeen from the Sun 
is determined: And heſides the Diſtance of the 
Planet from the Sun is found in the parts of the 
mean Diſtance of the Earth from the Sun, which 
is taken for the meaſure. 41% | 


PpPpzorosiriou MI. 
. | 5 define the Periodic time of any Planet about 


the Sun. 3 5 
ed be obſerved in the 


Let the Planet propoſ: 
Node (as was done in Prop. 19.) and again, when ic 
returns next to the ſame Node: The Time be- 
tween theſe obſervations is very nearly the Peri- 
odic Time of the Planet ſought. For ſince the 
Lines of the Nodes are (by Prop. 43. B. 1.) almoſt 
at.ceſt, when a Planet has delcribed its whole 
Otit, it returns to the ſame Node, vice verſa. 


The 


* 


nne 
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The Period of a Planet is determined not only 
by the obſervation of it twice in the ſame Node, 
bur its Periodic time will become evident, if it be 
obſerved twice in any other point of its Orbit, 
cleared of the Second Inequality. But if the 
Centric Place of the Planet be computed from 
the Equinoxes, regard maſt be had to the Pre- 
ceſſion of the Equinoctial points made in the 
mean while. In defining the Periodic times of a 
Planet, it will be proper to make uſe of that ad- 
vice given, in determinining exactly the Quan- 
tiry of a Tropical Year ; namely to take the moſt 
diſtant Obſervations that can be had, that the 
error may be inſenſible, the diviſion being made 
by a great number of revolutions. And that an 
error of an intire revolution may not be com- 
mitted, the knowledge of a Period near the truth, 
and expreſſed by a round number will ſuffice; 
which may be had, if in one revolution of a Pla- 
net two or more Centric Places be ſought in Op- 
poſition or Conjunction with the Sun, (namely 
when it has no Second Inequality) and the Perio- 
die time be taken in that ratio to the Time elapſed 
between any two Obſervations, as the diftance 
between the centric Places is to an intire Circle. 


If the Planer ſhould not happen to be obſerved 


in the Node itſelf, or in the Oppoſition with the, 
Sun itſelf, (which generally happens ;) then that 
moment is determined by obſervations made be- 
fore and afterwards. If the period of a Planet 
be taken for that ſpace of Time, wherein the Cen- 
tric place of a Planet becomes the ſame again in 
the Mundane ſpace or between the Fix d Stars 
as ĩt was before; tho accurately ſpeaking, there, 
is no ſuch Period at all, ſuppoſing the Nodes: 
move; that is, that the planes of che Orbits 

themſelves change; notwithſtanding, if this Pe- 

riod be different from the Period defined above, 


N 
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it may be defined (conſidered in regard of Longi- 
tude) by the help of the obſervations made by 
the preced. when the Centric Place of the 


Planet is near the ſame Fix'dStars. , 


ProPOstTION XXIV, 
10 find the e 


We hex hitherto defined the ſituation of the 
planes of the Orbits of the Planets to one another: 
We now come to deſcribe the Orbits themſelves 
in the planes thus defined. Which we ſhall do ſe- 
veral ways, that this or that may be uſed accord- 
ing as the obſervations are, and the one may cor- 
rect the other; and that the Orbits determined 
by all or ſeveral of theſe ways tending to one and 
the ſame thing, may be eſteemed more accurate. 
And firft we ſhall ſhew how their greater Axes 
may be determined. The greater Axe of theOr- 
bit of any primary Planet, is to be taken to the 
greater Axe of the Orbit of the Earth in the ſub- 
eſquiplicate ratio of the Periodic time of the pro» 
ed Planet, (found by the preced. Prop.) to the 
eriodic time of the Earth about the Sun, deter- 
mined by Prop. 13. For then the Cubes of the 
ter Axes of the Orbit of the Planet and of the 
rth, will de as the Squares of the Periodic 
times of thoſe Bodies about the Sun, which has 
been demonſtrated ( in Prop. 40. B. 1.) to hold in 
Bodies revolving about the ſame Center, and act- 
ed upon by a tripetal Force, which is reci- 
liy proportional to the fquare of the diſtance 

bs r CON 2 this — 

the Primary Planets revolving a the 

has been ſhewn in Prop. 42. B. 1. * 


8 PROPOSITION XXV. 
"JF Hree Centric Places of a Planet and its Periodic 
Time being given, to deſcribe its Orbit, and find 
the moment of Time when the Planet was in the 
lion. 7 K 
I the ſame manner as in Prop. 14. three 
Places of the Earth ſeen from the Sun (that is, 
Centric places of the Earth) being given,together 
with the Periodic time, the Species of the Orbit 
of the Earth, and the Poſition of the Line of the 
Apſides is determined; the fame may be done by 
the help of the ſame like Data in the Planet pro- 
poſed, and the Orbit thus deſcribed, may be cor- 
rected by the method pointed at in Prop. 15. And 
as. the Orbit of the Earth-is deſcribed in the 
plane of the Ecliptic, determined before (in Prop. 
I9. B. 2,) ſo the plane of the Orbit of the Pla- 


net propoſed, wherein its Orbit is to be deſcri- 


bed, is determined ( by Prop. 19 and 20.) More- 
over, the ratio of the ter Axes of the ſame 
Orbits is found from the Periodic times of the 
Earth and Planet (by preced. Prop.) The — 
tude of the Orbit of the Planet will be had from 
the aſſumption of the greater Axe of the Earth's 
Orbit (or its half, the mean Diſtance of the 
Earth from the Sun:) The Orbit of the Planet 
therefore is wholly determined. And the Time 
when the Planet was in the Aphelion, is deter- 
min d after the ſame manner, as the like was done 
Prop. 14. in the Earth. 1715 
. the Species of the Elliptic Orbit of the 
Planet is only determined from theſe Data, (as is 
evident from Prop. x4,) and the magnitude of the 
Orbit in reſpe& of the Orbit of the Earth is con- 
: cluded by the preced. from the compariſon of the 


Periodic times of theſe Planets ; the fame may 
be inferred other ways; namely, by —— | 
| it 
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Orbit ofa certain Species (determined from three 
Centric Places) deſcribed about the Sun in a 
Focus, to paſs thro the very Place of the Planet 
in the line of the Nodes, found by the 19th Prop. 
of this : For this point given'in the Orbit of the 
Planet, ſerves as well in the determining its Mag- 
nitude in reſpe& of the Magnitude of the Orbit 
of the Earth, as its greater Axis defined above : 
For the diftance of that point from the. Sun is de- 
termined in the parts of the lines of che Earth's 
Orbit ; and any one of theſe ways of deſcribing. 
the Orbit, may be examined. and corrected by 
the other. | 

And from hence may the motion of the A 


ſides of any Primary Planet be defined ; 4 


2 ſame way as the motion of the Nodes was be- 
ore. 


Prorosiriox XXVI. LzMMA: 
THE Focus and length of the greater Axe being 
given, to deſcribe an Ellipſe — thro = 
ien Ports. A 
Let 5 [in Fig. 24. ] be the Focus of the Figure 
to be deſcribed, AP the length 'of the greater 


Axe, L aud | the two points thro which the Eilip-' 


ſe ought to paſs. On the center L, at the di- 


ſtance equal to the exceſs of the right line 4 P a- 


bove the right line LS, let aCircle CFbe deſcribed; 
and after the like manner upon the Center I, 
with a diſtance equal to the exceſs of the right 
line AP above 1s, deſcribe a Circle RF cut- 
ting the former in F; and F will be one Focus 
of the Ellipſe which is to be deſcribed : Conſe- 
quently an Ellipſe deſcribed upon the Foci S and 


E, having its greater Axe equal to the right line 


AP, will be the Ellipſe ſougnt. For ſince: LF is 
equal to 41 — 5, LS + LF will be equal to 
AP. After the ſame manner AP is equal to 
ISF: Conſequently (by Prop. 52. B. 3. of 


Conics.) 


Pt DS 2 EANOGOPmAMLO 6a wi. _ 
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Collies,)ian Bllipſe daſciibedt non the Foci S aud 
E having ry Are equal to the right line 
AP, wil , the points Lund. 

[| 'Tis:82{p from ſueh a Geometrical eomſtructiom 
. — anF/ being py. 

For v3 Land I being 

ven chat is, the chree ſides of the Triangle S LA bes 
ing known; the angles become known. Again in 
the Triangle LI E, all the: fides are givan ; name. 
ly Lias before, LF the difference of given 
a” or poaed and LS,; and IF, the difference 
of A, 4 $3 -' therefore: the angle F E1 becomes 
knowni: But SLI was known-before, therefore 
the angle S L F will be gien. Therefore in the 
Triangle S L E, LS, LF, with the angle & L F 
being given, the ſide SF the diſtance of the Foci, 
and the angle LS F, between LS given by poſt 
tion and the greater axe, wilt be known; this axe 
therefore isigayen by, poſition ; and it is already 


4 
* 


en by maghitade: From whence all that be- 
— | may be drawn. 


__, ProrosrITION, XXVII. 
een tus Centric Plates of « Planet and the Di- 
fances frem the Sun, tag er her with its Periodic 
ime, to determine the Orbit of the Planet. 
Let 8 be che Sun [ Fig. 25.] let the two Cen- 
tric places of the Planet given be in the right lines 
SL, $1 given by poſition, and let the Diſtances 
of the Planet from the Sun be the right lines S L, 
S given in magnitude. Wherefore L and / are 
the points thro which the Ellipſe is to paſs. More- 
over, the periodic Time being known (by Prop. 
24.) PA the greater axe of the Elliptic Orbit is 
determined. Deſcribe an Ellipſe therefore (by 
the preced.) whoſe Focus is S, having its greater 
axe of a given length, that may paſs thro' the gi - 
yen points Land J. 9 * the 
5 0 lanes 


* 
: 
o 
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Planet and its Diftances from — — either 72 
Oppoſition or Conjunction with the Sun are 

termined as in Prop. 21; or from an Obſervation 
made any where, as in Prop. 22. Nevertheleſs 
that may be aim” d,which is determined Prop. 19. 
when the ſituation of the Planer's Orbirin r = 
of the Ecliptic was defined. . But if you 
more than two Centric places with their 4— 
ſponding Diſtances from the Sun, then their Or- 
bie b being defined by any two, you muſt ſee whe- 
ther they agree to it thus defined, 'and that is to 
be retained (if they difagree) which is confirm'd 
by moſt Obſervations, as is uſually rr in _—_ 


Aſtronomical Calculations. ; 


ProrosrTiON XXVIII. n 
O the greater Axe AP of the EligſeA LP e 
26.] from the Focus S let a SR d 
erected meets wk Ellipſe in R, the which ler à right 
line DR 35 Sant . the 8 2 And wient 
ith the Axe AP produced in —_ - let G 


be drawn e to the = * — ings being 77 
s d, if from the e two right 
42 T8 12 be 28 A Lots the K 
ſumed 8, the other LE dirular to FG; I ſay, 
that LE is ro LS in the given ratio of G P to G8. 
Thro the point Leto the Axe AP draw the 
perpendicular LC meeting the Axe in C and the 
Tangent DR in D, and from P draw another line 
P N parallel to it: And C D will — wr to the 
Tight line S L (by Prop. 139. B. 4. of Or St. 
— and PN > 8.5 Buf & C is to TD in 
a given ratio, namely of GP to PN and there- 
fore EL is to LS in the given ratio ol GP to PN 
or GP to PS. From hence it follows that GA is to 
AS in the ſame ratio of GP to P'S; which 
is a particular Caſe of this Propoſition, namely 
when the point L. _ at pleaſure —_— 
Wit 


g. g. S . g. SS ce wry) 9 — — AR = 4._- ks w@©uTO@4 au mk. vt. 


}- of Sou ©. SE wn © 


7 


with 4. And 7 5 efidets, fr. 3 chat 
(by Prop. 34. 4. . I. N RG being a Tangent, 
AS is to 5 P, 5 i 31 from, whence, 4 
permutation and inyerſio is to AS 

A8 en r e e FA Win he iter 


5 OY strie * I una 
Tee 116 „en 1 abour 4 25 N ſhall 
Paſs 


three given 

5 3. U n a, (in Fig. 25.) 

geek g 8 ch LI, and 771 
uce it to N ſo a be to 1E. 

to S. So Jet al joi uced to 7 TL 35 


t Af may be to.// 2 85 90 85578 oin the right 

H, and; upon it, from L. and S let "lth 
perpenticulic LE, SG, divide 50 in P ſos GP 
be to PS Af LE to LS, 17 produce it to 


low that 4 105 2 48 in the ſame ratio: 

lpſe, 451 1255 at for its, Ver- 
N i Having its great- 
Axe PA, ; and 1 1 L. thats rie a right 
line which is to SP * SA % AP ( by Prop. 54- 
18 See the Points I., J and a. 
. land n FG let fall the pet pendi- 

Je, Ag. oP ion LF is to 
IFas SL to SI; LE Foil alſo be to Je (by realon 
of the Parallels L. E, le) as f L to S, of LE to SL. 
36e to Sl. But by conſtruction allo GP is to 
PS, and GA to AS, as LE to SL; and therefore 
as GP is to 780 ſo.is Je to $1. After the ſame man- 
ſtruction to f (that is, ae to le) 
therefore ag ALA as (Ie to Si; 
as WAS juſt now demonſtrated, as) LE to 
ince hs SL is ta LE, allo S/ to le 
a. E en or GA to AS, and 


this is a property lipſe demonſtrated in 
* (+ Ie tis en that che Points . 


Ff 3 * Are 


1 Bek III 
Focus is &, atrd extreme: 
of Ihe greater Rep ertices, A Ind F. And 
fem hence it ic Sy to be — whenthe Pro- 
bem i; © * 5 nd when Tue 54 2 * 
lipſe, à Pa or perbolz: comes fort 

a Calculation familiar to Affrontthers be re- 
quir'd, it ma Len be drawn from the preced- 
ing Con kot inftance, after the 7 
ing manner. Fiticr Fx is to SY; hat C004 
- dividedly _ Sito Ia x to N 
rs given 


e fitſt terms of che dogg oportion 
e 22 — 


Chord on 4. 2 A 
the 0, Fre 1 2. IF: r 
I ite: = and che — in 
Ain fourth term will be kndwhs 


wif be Know 
G 55 t Hob 4 E Mortover; the tres 
Ig ey 08590 EOS A 
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are in the Ellipſt 


9 e NT Mohr 


rence bf chem and the! 
Therefore in th fe. Ff, 
juft fonnd; being given, e 


F F ediitained ;* Angle 


5 afeq we Pep its cop 
But the angle & deln ety befo 
aber tee chit 175 will be 


or. me ſum of difference ore ee ; cites 


S1f,.e be and conſequentl) 
bbs FG i i Complante Zu i the Parallel 255 
G to twb Hen; hari | 
greater axe to the right Ni 
Beſides, in the; 
the angles Are 
therefore el, or 
pendicular to t 
angled Triang 


oh, toget! r / ; 

is kn vn, po IA er- 
Ts like 'rnahner Naka ti the right 
SA the Angles ant Side 8 
being 
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heidg Sirehg G is gierh; ad 
CE ng . 
ay 2 yt 8 


preoed. Lest =. iS 34 GNA. 
5 $? 


ths 18.182: G8:8P, gy Lye 
o&-:ehis Proportion being giran, )t 
will be known: Annie magsr, hecayſe re 18.5: 
GAt4S, by dividing eis : 4s; from 
* AS becomes known;; Tho fam PS, SA 
the greater! Ane. The, cher Focus of the El- 
lip 1 is as far-diftant from 4, ag S is from P. The 
Foci and Vertices-4 k beieg nes. * reſt 
. ag een l a 4: ot] 


Pierostr 10· . 


Hrei Centric Places of a Planer, and the Diftancer 
* 'the Da I given g deſcrihe its Re 
1 21 F! Ls . 281% on "I 
Jet wwe Genttie Places * Planet be, given, 
2nd tes eorrefpotiding Diſtances from, the Sun; 
namely chectight lines S L, Sl Hin polition and 
5 n'48,]. 3 — Sto pe the Sun, 
By the.prec. Prop.!let an Elli Ser is 115 
be deſcribedor determined by Calcu 
thro the Points L, I,. This will be the G dd Pn he, 
The relation this as to. the Orbit of the Earth is 
-refore known, becauſe the icude of the 
ineß S L, 8, S is given, in the parts of the 
mean Diſtance from the Sup, and the ſituation of 
the Plane of the Orbit in reſpect to the Plane of the 
— is ene to he eddy Prop. 19. 
4 THO, 3 21 A! 
te this; Podpofition depends the Method hae 
Ks las dbwn, in the, Philoſop...TranſcG. 
, of 1676. Ne x28, for determining the Orbits of 
the Planets. : "Namely; if * Planet be obſerved 
thrice from the Earth in the {ame Point of its Or- 
bit (which, when it may. ppen, 1s well enough 
known from its periodic” Time nearly known) 
f 3 there 


ö 2 
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there will be had three Places of the Earth, ſeen 
from the Sun, ani three correſponding Diftances 
of the Earth from the Sun, expreſſed in the parts 
of the diſtance of the Planer from the Sun; and 
therefore' the Orbit of the Earth ſelf is deter- 
mined by the preceding: Which being known, 

if any Planet be obſerv twice from che Earth in 
the {ſame Point of its Orbit, and -conſequently 
(by Prop. 19.) its Centric Place and Diſtance from 
the Sun be deterifiined, and this be repeated in 
two other Places of the ſame Platiet ;' three 
Points of the Planet's Orbit will be had, by which 
together with 2 ne of the Foci ( (namely the Sun's 
Place being given, che Orbit it ſelf (by the prec.) 
is — If the Periodic Time be prefty 
exactly known, the ſame” may be done by two 
Centric Places and Diſtances from the Sun 
known, which may be gather d by Prop. 27. from 
twice two Obſervations of a Planet obſerved in 
the ſte two points whatever they be: And by 
the ſame pains the Place of the Nodes and the In. 
clination of the Orbit to the Bcliptic are deter- 
W the 12 and 2oth Propotcions. 2 


| PrOPOSITION: XXXI. Lena. | 

18 O find the'conjugate Diameters of g 2 which 
paſſes thro' 9 iven Points. (Fig. e 

Ler the five given Points be N, . L, R, H, 
that the Perimeter of: che ' paſſes thro';. a 
Diameter as FE of that Ellipſe is to be found, to- 
gether with its Conjugate IT, in magnitude and 
poſirion: * Let * lines be ſuppòſed to be 
drawn connecting the given Points, ſome two 
of which are either parallel, or there are no 
two ſuch. This is eaſily ſeen; for ſince the Points 
N, M, L, X, H' are 1 tlie right lines that 
connect chem alt manner of ways are given, and 


the _ 3 between thoſe” right wr 


of £2 WAA DOE TOE DUO RR. e 


. / / ES: 7 


Bok III of :AsTRONOMY; 439. 


If therefore it * — found that two angles placed al- 
ternarely, (for inſtance: & M H, A HN) are e- 
qual, it may be concluded 7 hat the two right lines 
MK, NH, in which the ſaid angles ow Akers 
nately placed, are FE 25 " 
CA I. Suppoſe that there are two X 
them, as A1 X, NA par ſel to one another. Let 
chem be biſc&ed in B and A, and let B A con- 
i themy be produced, ill ic meet the Ellip- 
in Fand Ez and it will be. (by the Elements of 
Conics) a. Diameter of the Ellipſe, and by 26. 
Dat.) given by poſition; becauſe paſling thro' 
the given points B and 4. Draw thro” T., che 
Line L. I, parallel to E F, meeting the Elli ple i in 
X, the sight line A K in B, and N H in C. "And 
let the right lines & R, L M connected, megt the 
right line HH N (ical, be. produced ) in the 
points p and, G; Prep. 17. B. 3 . Elem. Conic of 


| Apolloniug, the 38 XD. is A the rectapgle 


MDK 28% £4 to Z 1d. And X OL: NC H:; 
Z Fa: 2 Ten $a. therefere X DL: HDR: 
XCIL: NGH But (as he ſhown hexeaſter, ) 
X DL MDR: XGL. G., And therefore 
(by Props. 9. Blew. 7 che rectangle VC His e- 
qual to che rectangle G C P. But che recta 2 
NCH is gien, becauſe its ſides NC, C Hare given; 
for the whole line N H is given at firſt as well in 
nitude as poſition, alſo the right line LC by 
tion (by 28. Det.) wherefore ( by 25. Dat.) 
ons C will be given: So likewiſe will the 
right ling G C ſimce itz extremes G and C are 
given: Theretore ( by 57. Dat.) CP is given in 
magnitude: per! it is alſo by poſition; therefore 
the point P Kiel is given. And the point K is 
given ; therefore the right line KP connecting 
thoſe points is alſo given by poſition, and gonſe- 
N (by 25 . Dat.) the point X in the Hlipſe, 
where the lines L C,K D * by poſitiom er) 


440 The Etamrtnty Böck IH. 
is alſo given. Join che right nes VN, L H meet- 
ing the diameter: K F (if need be produced) in 
R and S8: And tier (by the abe ve cited Prop. 17. 
B. -3. Elem. of Ric.) ee eee de to XC E, 
and NAH to E AF, as ZN to 21. from whende 
NCH XCL:; NE. 24 ud by whar is 
below gemonſtrated, N C H. X CZ: NAH: 
RAS; therefore” (by © Prop. 9. Elm. g.) the rect- 
angle RAS is to the rectangle 3 FA F. But 
RAS'is given (ſince the three points A, R, and $' 
are given, 4 A as was ſhewn above, K And S by 
the 25 of the Date, namely the <ditc6urſe .of-the 
right tine: 'EF given by poſition "with the right 
ive XN, HL Son by poſition; titrefore-the 
Aangle E A F Will pet given. After che like 


manner the rectangle by be found d un 
— fry Sd ter} is RF 


the points A and B 
in magnitude; as we ſhall ll ifs hereffter. But 
Its poſition was ey before; wherefore the 
diameter E F is given in Poſſtiom and Magni 
tude, Moreover TT is to E FN as NCH 
to X CE, as was ſhewn above; chat is, ls, "(by 
x Dat.) in 2 given ratio, tio! becans tie 
NV H XC T are given; Romy: the ſabe 
ns ho 777 N 
to EF Dat.) is alſo given EFis gi- 
ven, as was ſhewn above; adds thy 2 12. 
Tr will be given in magnitude. But its poſiti- 
on is given by 289 Dat: becauſe -pafling thro the 
int , which is in the middle of the right line 
F given in poſition and magnitude, parallel to 
tho right line N H given in poſition.” Therefore 
the right lines E F, TT are given in Poſition and 
— 2 ; namely 455 in e diameters of 
e ple, * the ve en ts 
N, AA, L, X, H 14 17 ag 
Cav Il. But now let us ſappoſe thar the 
right lines M H, Wk [ag 30.] are not paral- 


lel, 


Oo ont a. 9 


7.0 


I, 


| 15 * 
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bh — aty Gibet two: Thetefore theſe 
M611, N WK x Duft produced) wilt inrerfe& 
for intancs in ebe Point 4, which WT 
oped rye "raw thro' 7. the richt line 
LV parallel to MH, meeting the right tine NN 
in A, which by 28 and 25 Dur.) will alſo be 
Ad che ratioof recnigle NO K to 
noſed glo- L. will be given; namely the 
— Prop, x7. B. 4. of the Elem. of Con.) with 
thao of the giver reingle NI K to the given 
n But dhe fectangle N. K is given, fince 
— NA and &. Ade giren; and therefore 


22 dangle Te FPG From whence, 


e right line 97 
jegiron i a | Fer ale in pofſtion, be- 
thrb” the given | 
— e 1 
* as. fince the m an 
Poſirion of bet 4 
« 


t line and the other ex- 
emiey © are given. Thus therefore we come 
back to the former Caſt; for there are given the 
five points 20 LV3R, or M, L, X, V, E, thro 
which the Eltipſe paſs, and yer fuch as the 
two right a H may. 5 parallel. By 
what —— a — the conjugate dia- 
meters of chat EIn ple may be found. 9. E. F. 

Ee there beo right lines 2 M parallel to one 
another, — bt Iing XCDL [Fig. 31.1 
Fall, and from it X -nd L draw any bow 


=y 
MO. 2 Ss PK meeting the arallels in 


and K! I ſay, the 3 XDL, is to 
r X CL tobe rectangle G CP. 

ks ratio of the Wa XD to the rect- 
angle AD R (by 41. 6.) is compoun- 
ded of the ratio of K 5 to D K, and of the ratio 
of LD to DNA; and the ratio of the rectangle 
Xe to the rectangle GCP of the ratios of XC 


to CP and EC to C. But becauſe of the pa- 
rallels 
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rallels AD R, G CP, X D ĩs to DPR XC. C; 
and, L D. D A:: LC. CG. Since therefore the 
compouncing ratios are equal, the compounded 
ratios will alſo be equal; that is, XD L ro AD, 
as XCLtoGCP. n $3, 
F both the rectang 
2 F 

E ABF. line. 


3.12 
equal to 


12 


com 


| 

qual to the rectangle under C E, E D. Zut the 
rectangle under 4C and BD is given, (for both 
right lines are given) therefore the rectangle un- 
der C E, ED is alſo given. And becauſe this 
given rectangle is applied to the given rightling 
CD, (compoſed of the parts C A and 4 D which 
are given) and wants of a ute, Figure, CE 
(by 58 Dat.) will be given; and conſequently 
AE (by 4 Dar.) and becauſe the rectangle E 4 F 
was given at firſt, the right line 4 F will alſo 
be given; that js, the points E and F will be gi- 
Ven. 3 Fate e at F 

_ ProposrTION XXXII. LEMMA. + 
Q find the Foci and Vertices of an Ellipſe that is 
| fopaſ' thro' five given Points, and conſequently 
80 deſcribe the Ellipſe paſſing t bro the frue given Points. 

Pappus in Book 8. Math. Colo propoſes and con- 
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ſtructs this Prob, and the prec. for the uſe of Archi- 
tects: Nanaly; having a portion of the ſaperticies 
of arigheCylinder given, that has no part preſerved 
8 4 . ; 
intire in the circumferences of the Baſes, to find 
the thickneſs of the Cylinder. Theſe the Aſtro- 
nomers afterwards: converted to their uſe. By 
the Lemma find an , two. conjugate Dia- 
meters of the Ellipſe, that is to paſs thro the five 
given Points, and let them be A B, C D biſeRing 
one another in the Center E. Produce B A to 
[Fig. 33. ] fo as that the rectangle E 4 H may be 
equal to de ſquare of DE; by which means 
(by 58 Det.) E His given. Let a perpendicular 
KL, from R the middle of EH, meet with MAG, 
a right line parallel to D C, thro' the point A in 
the point L, which conſequently is given on 
the account of the right lines M G, X L given 
by poſition. On the Center L thro E or , 
draw a Circle interſecting the right line M 4 G 
in M and G, whoſe diameter MG conſequently is 
given as well in poſition (becauſe tis parallel thro 
the given point A to the right line CD given by 
poſition,) as in magnitude, . (ſince it is double to 
the right line, connecting the given points E and 
) the right lines G E, ME connecting them, 
are alſo given as well in poſition as magnitude. 
Bur their poſition is the ſame with the poſition of 
the Axes fought : For ſince the rectangle E 4 H 
(by 35. Elem. 3.) is equal to the rectangle M 4G, 
and by conſtruction EA H equal to the ſquare of 
DE; E D4 will be equal to MAG, or (by 17 
Prop. Elem.. 6.) E D will be a mean proportional 
betwegn'M4 and 4G; and conſequently (by 
Prop. 88. B. 3. of Greg. St. Vincent.) the Axes of the 
Ellipſe deſcribed. upon the conjugate Diameters 
AB, CD are in the right lines EG, E A. And 
the magnitude of the Axes is thus expeditiouſſy 
determined. Thro 4, let fall perpendiculars 
AN, AN to EG. E M, which therefore are gi- 
„ wee. — . 3 ven. 
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ven. Take in the right line EG, ko mein 
E 
Hh r 
EN; che d EO, ER ven by 
Bo uff bed Ser axes of the Nu (by 4 
37. B. 1. Fi — +; yow take E 
equal to E O, and in e BT ag 
to FR, the Axes OP; 276 the Elliþi 
Sven in poſition | and magnitude, together 


with the points O, R, P, T, which are the ptinet. 


Fi: 


Verdiees 6 of the ſame. * Morebres if the greater 
e Po be ſo divided in & and N Wehe fc 
je under PS and SO, as alſd the retzngle n 
p Fand FO be equal to the e made pp- 
- RE, S and LOW be 55 N —— Ellipſe by 
2. B. 3 Conic. t:theſe Points 

Found (by 10 Dat?) are given, "adi he Axes 2nd 
Foci of the Ellipſe are given; Eg may 
deſcribed by Prop. * Fr. Contes 4 is 
There'is no need of annexing * ths the form 
of a Trigonometrical Calculation ſuired to 'this 
Problem: For it is well known to Geometer, 
that whatever is fbund ont by the help of Euchd's 
Data, may alſo eafly be found dy à Calc 
procceding exactly after the fame manner, 
generally in a Trigonometrical manner, as ĩt ha 
ni by Indeed the inveſtigation of any Pro- 

em by the help of Euclid s Data, Wan univerſal 
method of determining it, and very "uſual with 
Fs Ancients. TD 


' PROPOSITION XXXIII. 


Ive canis places a Planet * the Diſt ances from 


F the Sun bein g given, to find 79 
In the preceing Propofi bel le we were 
determining the Orbits of the Planets: we ſuppo- 


ſed rioting. but what was agreeable ro Obſervari- 
ons exactiy made: as well as to the Phyſical — of 
their 
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their Motions demonſtrated in Book z: 9 
that che Orbit of. any Flanet is an Ellipſe, 
whoſe Foci is the Sun at reſt, and that a 285 
deſcribes it after ſack a'matmer, as chat its Area's 


or Sectors contained between oe lines Grays 
toy Gan god he Arcs: of the, SA pfo- 


ba ate 


1 5 


gular 2 — — Ellipſe 


the Sun is not; bi was e oe, bc 

inithe Ortit of e Harth, which i 2 

centric, 14 ns made 0th gal 
deſcription· o Areas by a radius 


a co che Sin 
as is not to be As was ny 8 n-in-Pros. 


„ Andiwe corrected the Orb af the Exh Ges 
fined accacding to that Hypotheſis, as much; 25 


we pleaſed. in the foll x5*>, Propoſiti 
Bur in this) Propoſition we - han? not ſo a 
ſappoſe that 3 is placed ia the Rs 
oe 2 ; but ſhall deſeribe che Orbit by the 
fie given Centric Placss, and as many 
Dies from the Sun, independently upon it: 
chis means che truth of che preceding 
— itt appear clearer, ſince the Sun will þ 
found to / be plcad in the. common Focus of 
— _ 1 f the Planer being giv 
efl SO 
theright li its ſeen from — 4 
alſo given by poñ tion Let them be & N, 4 845 
SKand 8 HN n.4. J, and che corre 
Diſtances from the Sun being given, the pon 
eee 
eſe points the ing 
defcribe an Elipſe;/and it will be the Orbit of the 
Planet ſought. And by the ſame. Lemma the 
Vertices will be found, as alſo the Foci, Poſition 


of 


i wen, 
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of the greater axe and the other things that are 
requited in the Orbit of the Planet. . E. F. 
ProPosITION XXXIV. 533 

determine tbe Centric Place and Diſt ance frum 

the Sun, f any Plaset propoſ cd, at any given Time. 
The plane of the Planets Orbitz the poſition. 
of the Line of the Apſides and the Species of the 
Planet's Orbit being determined, (by the preced. 
Prop.) that is, the Orbit it ſelf being deſcribed in 
irs proper Situation about the Sun, ſuppoſe A LP; 
[Fig. 35.] and the Moment being known (by Prop. 
975 when the Planet was ſome time or net in 
the Apſis alſo the Periodic Time of the Planet 
(by Prop. 23.) the Time ſince” it was laſt in 


the Apſis, (v. g. A) will be known, or the ratio 
of the faid Time to the whole Periodic Time 


will be known; that is, by the Law of - Motion 
of the Planets, demonſtrated in B. 1. ſu 
the Place of the Planet L, the ratio of the area 
AL for = o_ omg AL by A is khown; 
Find therefore the A ASL 35 4, 6, 
or 7. Therefore the right line 8 Ange hogs 
Poſition, ſince it is iticlined in a given angle to 
PA the Line of the Apſides giren in poſition: As 
alſo in magnitude, by the ſame Propoſitions, (fince 
this is given in the parts of the Aphelion diftance 
of the Sun S A, which is defined above in the parts 
of the Mean diſtances of the Earth from the Sun, 
which is looked upon as the common meaſure of 
theſe lines;) that is, the Place of che Planet pro- 
_ ſeen from the Sun, and its Diftance from the 

me. a f : ' — . ' b 5 ” 


And vice verſa the Time.may be found whena 
Planet ſhall be in a given Heliocentric Place; by 
finding the mean Anomaly (by the preced. Prop.) 
from the coequated Anomaly given, to the former 
of which the Time is proportional. 2 


PR o- 
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| er xXXXV. 


Ta 


en Time to find the Geocentric Plate 4 
l as to Longitude and Latitude, ed oh 
Dip tance of of the Planes the Earth. 


Find (by Prop. 18.) "the Heliocentric Place of 
the Earth in 1 . Oder, at che Time given, 
and (by the preceding) the Heliocentric Place al- 
ſo of the Planet ed” in its Orbir, with the 
reſpeaive 45. the Sun. 

Let S (in . Sub, T the viacd 
of che Earth ir , £ the place of the Fl 


ae in ic Orbit, e right” line S N be the 
common inter ſection of the Planes of theſe Or- 
Bies, whictris extended thro” the Sin, (becauſe 
0 is in 2 and whoſe poſitioti is 
. the place of the 
7 being give n, the right ine ST and the 
ane 7-5 Ns Plane of the Eclip hp iq 
ven; and the Phite L of the Planet I 
the right line $ E and the angle LSN, in the ons 
of the Orbit of the Planet are given. w thro” 
E and S, and through E and erte of the 
Cirtles of Latitude perpendicular to che plane of 
the Ecliptic, whoſe common interſection t 
oy (by Brbp. 1 19. Elem. 11.) is perpendicular to 
of the Eclipric. Draw in the plane of 
y 51 Planet's Orbit the right line LN, perpen- 
dicular to SN, and the line E N (by the converſe 
of Prop. II. Elews. 11.) will alſo be perpendicular 
to the ſame SN. 
In ͤ the Triangle SLN ri a at N, 
SL and NS L are given; from whence the 
Side LN will be 2 In the Triangle L EN 
Tighrangled at E, there are given the Side L N 
lately found, and the angle L NE, which (by 
Def. 6. Elems. 11. ) is equal to the Inclination of = 
Orbit of the Planet to the Ecliptic, found by 
Prop. 
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Prop.20. LE and E N are therefore given. Beſides 
in the Triangle EES, rightangledt:& E, the Sides 
LE and LS are given; therefore the Side SE, ,the 
Curtate Diſt ance of the Planet 
In the riangle ESN, 


3 N 
2 . the Ecliptis 
re 2.96. 


l 
* 


al co th 
7. 


— 


r Ä ,nHT ana omo0OÞUhoases aa a didn 52: 
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3 SECTION IV, 
Of. the greateſt Elongation of the Planets 


from the Sun, their Direction, Station, 
and Retrogradation. 


PRO PBOSITION XXXVI. 


T O determine the greateſt Elongation from the Sun 
1 of a given Planet, ſeen from a ſuferior one alſo 
given, and its Time. 1 0 
Let S be the Sun, 7 R the Orbit of a more te- 
mote Planet, [ Fig. 37. ] VP of a nearer. Let the 
radius SV of the nearer Planet be drawn any how, 
and perpendicular to it VT, meeting the more 
diſtant Orbit in 7, which conſequently (by 16. 
EI. 3.) will touch the Circular Orbit / in J. 
The inferior Planet will be ſeen by the ſaperior 
in 7, tb be at its gteateſt Elongation from the 
Sun in /: For a right line drawn from any other 
point (as v) of the Orbit PY to T, will contain 
a lefler Angle with 7'S. Therefore in the Tri- 
angle 77/5, rightangled at V, the ratio of the 
Sides ST, SY (namely the Diſtances of the given 
Planets from the Sun) is given; therefore the o- 
ther angles TS, S are known, the latter of 
which is the greateſt Elongation of the Planet 
from the Sun, the other TS is the angle of 
Commutation or Heliocentric Diftance of the Pla- 
nets. Whenever therefore the angle of Commu- 
tation, found juſt now, happens, it at the ſame 
time happens that the inferior Planet, ſeen from 
the ſuperior, is at its greateſt Elongation from 
the Sun. 
We have hitherto ſuppoſed the Orbit of both 
Planets to be Circular * if due regard be had 
g to 
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to their Elliptic Figure, the Problem is ſolvable 
much after the ſame manner. For the angle 
SVT is given, that the right line /T [ Fig. 38.] 
touching the Orbit, makes with the radius SY, 
inclined in an aſſumed 


Angle to the Line of the 
Apſides; beſides SV is — in magnitude, ſince. its 
Inclination to the Diſtance of the Aphelion S al- 


ready given in magnitude is known; and becauſe 
the angles AS « «SV are known, alſo the angle 
VS , (very nearly equal to that, which would 
be were both Orbits circular;) the angle 48 
will alſo be known, and conſequently ST will 
be known in magnizude; from. whence. what re- 
mains is done as before. In this caſe the greateſt 
Elongation changes according to the different Di- 
ſtance of the point Y (where it is celebrated) 
from the Aphelion of its proper Orbit: For it is 
greater (ceteris paribus) in « the Aphelion of the 
inferior, leſs in « the Perihelion, a mean in the 
mean Longitude; it is alſo various, the place 
of the inferior remaining. the ſame, ing as 
the ſuperior is ſituated in T or t. | 
ProPosITION XXXVII. 
NY Primary Planet ſeen from. any other Primary, 
appears in ſome part of its Orbit, Stationary, in 
another Direct, and laſtly in another Retrograde. 


Let $ be the Sun, [| Fig. 39.) about which two 


Planets revolve from D thrp C tqwards B, the Or- 
bit of the nearer P; of, the more diſtant RZ; 
the arcs deſcribed by them in equal ſpaces of 
time AR, PB. Draw S R any how meeting 
the nearer Orbit in P. Between & R and S let 
SM be a Geometric Mean. Then (by Prep. 27. 
B. 1.) the Velocity of the more diſtant Planet is 


to the Velocity of the nearer, as SP. to SM: 
Bur the Spaces deſcribed by Bodies in Marion, in 


equal 


* rr, r , w * .» ˙—m.̃ Uu ²˙ ² A ico cl; 


* 


3 ry * PT + 


— 
* 


Book HI. of STRONOMY- 23 1 
equal Times are as their Velocities; and therefore 
AR is to PB, as SP to SM; wherefore AK is lefs 
than PB. And it is plain that it is poſſible for two 
parallel right lines HAD, GRCg to be drawn 
thro' A and R, ſo as that the'arc of the nearer 
Orbit intercepred by them, is equal to the arc PB. 
For I right lines may be ſo drawn, that as 
much as CD (equal to PB) is greater than AR, 
ſo much it may be more oblique, (and the arc of 
the interior Orbit is given, which is as oblique 
to the parallels thro 4 and R as you pleaſe,) that 
the arc C D compenſating the greater length by its 
greater obliquity, may touch both of the parallel 
right lines in their extremities. Which being 
ſuppoſed; if the Planets be found in ſuch a ſitua- 
tion in regard of one another as A and D are 
here; that is, if the angle of Commutation ar the 
Sun be equal to the angle 45D, (which, it is e- 
vident, it will be twice neceſſarily between the 
two next Conjunctions of the Planets propoſed 
ſeen from the Sun, ) the one ſeen from the other 
all that ſpace of time, wou'd' be refer d to the 
fame Fix d Stars; that is, it would appear Statio- 
nary. For the ſuperior at A is ſeen from the in- 
ferior at D, in the right line DA H, and while 
the ſuperior is going to R, the inferior is going 
w C, (fince by ſappolition'DC is to A R as the Ve- 

ity of the Planet, which is nearer to the Sun, 
is to the Velocity of the more diſtant:) That 
therefore ſeen from this, in the right line C R 
will be referred to the fame place among the 
Fix d Stars, to'Which it was before referred, ſince 
the diſtance between the Parallels DA, C R vani- 
ſhes in compariſon with the diſtance of the Fix d 
Stars. And, for the ſame reaſon, the inferior 
Planet deſcribing the arc DC viewed from the ſu- 


ai I perior, while it deſcribes the arc 4R in the fame 
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time, will alſo appear Stationary. In like man- 
ner, if the Planet next the Sun be on the other 
ſide of the point P, (in which being viewed from 
the Sun, it ſeems in conjunction with the more 
diſtant Planet; that is, in which the Sun and ſu- 
perior Planet viewed from the inferior, are ſeen 
in oppoſition, and where the inferior ſeen from 
the ſuperior appears in conjunction with the Sun,) 
and as far diſtant from it, namely where the viſual 
rays of any ſenſible time are again parallel to one 
another, for NN at A, the one ſeen from 
the other will again appear Stationary. 

I fay farther, chat before the Planet, which is 
- nearer to the Sun, arrives at the beforemention'd 
ſituation in reſpect of the ſuperior, that is, the 
ſuperior being in R, before the inferior arrive at 
D; the one ſeen from the other will appear to 
move in conſeguentia. For let the arc DF be taken 
equal to PB or Dc, and join the right lines FA, 
DR, and produce them both waysin KAFL and 


IRDL; they will not be parallel, but diverge to- 
wardsthe parts beyond RA (in reſpe of the Sun, 


but on this ſide they will converge and concur, 
for inſtance, in the point L, from whence they 


will again diverge. For ſince (by ſuppoſition) 
DA, CR are parallel, .and DF equal to CD, but 


more oblique to RD, than CD is.to RC; tis evi- 
dent that DR, F A diverge on the other fide of 
RA, and converge on this fide of RA; wiz. ei- 
ther behind DF, if it be in that part of the nearer 


Orbit that is turned towards R (as in the caſe. 


of this Figure) or between RA and DF, if in that 
part which is turned from it. If now the infe- 
xior being in F, the ſuperior be in A, the latter 
viewed from the former will be ſeen in K: But 
the inferior being arrived at D, the: ſuperior is 
got to R (by ſuppoſition) and is ſeen {rom it 3 4 

* Is ut 
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But to come from the ſituation of X to the ſitua- 
tion of I is to move in conſequentia, or to be Di- 
rect; for any of the Planets ſeen from the Sun, 
moves in conſequentia from A to R, or from D to 
C. Nay, even the inferior ſeen from the ſuperi- 
or at the ſame time ſeems Direct: For the inferi- 
or in I will be ſeen from the ſuperior A at &; and 
afterwards the inferior at D will be ſeen from the 
ſuperior in Rat i: But to change place from & 
to i, is alſo to tend in conſequentia ; for the Sun 
ſeen from any Planet ſeems to move in conſe 
ria; namely from S towards Q. In like manner, 
after the Planet, which is nearer to the Sun, has 
paſſed the ſecond Station at 4, it becomes direct 
again, and continues ſo till the inferior arrive a- 
gain to a ſituation in reſpect of the ſuperior, (as 
is Din regard of 4;) which it will do after it has 
compleated an intire revolution from the for- 
mer place D, and ſo much of another beſides, as 
is requiſite for it to recover the ſaid ſituation a- 
gain, in regard of the more diſtant Planet, that 
had in the mean time gone forwards. 

Iſay thirdly, that the one will appear Retrograde 
to the other, after that the Planet that is nearer to 
the Sun has got beyond the above deſcribed boun- 
"ay DC of the firſt Station, and has not arrived 
at the ſecond cd. Let C E be taken equal to PB, 
or DC; draw the right lines C A, ER, and let 
them be produced both ways into O CAT, and 
NE R Ta, which are not parallel, but diverge 
towards the parts C E, and converge towards AR, 
and being 2 meet, for inſtance in J, be- 
cauſe by ſuppoſition D 4, CR are parallel, and 
CE is equal to D C, but leſs oblique towards R E 
than C D is towards RC. If now while the ſu- 
perior is in A, the inferior be in C, this will be 
ſen from that in O, and that vice verſa will be 

| Gg 3 ſeen 


4 
4 
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ſeen from this in : But when the ſuperior is got 
to R, and the inferior is found at E, this will be 
ſeen from that at N, but that will be ſeen from 
this at . But tis evident, that to ſeem to move 
from O to N, or from o to , is to move contra- 
ry to the order of the Signs; ſince from Sto ©, 
or from A to R is according to the order of the 
Signs; namely that wherein the Primary ſeen 
from the Sun, or vice verſa, the Sun ſeen from the 
Primary ſeems to tend. And this apparent Re- 
trogradation of the Superior ſeen from rhe Inferi- 
or,or of the Inferior from the Superior,-continues 
from the celebration of the firſt ſtation at D C, to 
the ſecond at c d; But by reaſon of the motion 
of the more diſtant Planet, this ſecond ftation is 
removed a little in conſequentia, or beyond the 
place cd here expreſſed. Tis therefore evident, 
that any Primary ſeen from another Primary 
in ſome part of its'Orbit is Direct, and in ſome 
Retrograde; and laſtly, in ſome Stationary, 


. E. B. 
COROLLARY. r. 


*Tis evident from the demonſtration of this 
Propoſition, that a ſuperior Planet {een from an 
inferior appears at the ſame time Direct, Stationa- 

„ and Retrograde, that the inferior ſeen from 
ſuperior does. | 
| COROLLAX T2. 

The more une qual the ratio between the Or- 
bits of two Planets is, the nearer its place in the 
Orbit of the inferior, in which the inferior is found 
while the one ſeen from the other appears Statio- 
nary, is to that point of it, from which a right 
line drawn to the more diſtant Planet, touches 
the Orbit of the inferior ; that is, where the in- 
ferior ſoen from the ſuperior (by Prop. 26.) ap- 
pears in its greateſt Elongation from the Sun; 
and the angle greater wherein the Sun and ſupe- 


rior 


Book III. of AS TRONOMU Y. 453 
rior Planet, ſeen from the inferior, ſeem to be di- 
ſtant from one another. For the greater the ra- 
tio of S R is to SP, the ter will the ſubdupli- 
cate of the latter, namely the ratio of R S be to 
MS ; that is, (by conſtruction) the ratio of CD 
to R A. And therefore the line C D muſt be more 
oblique to RC or AD, that DA, RC may be- 
come parallel; but it is evident that CD is fo 
much the more oblique as it is nearer to the point 
of the inferior Orbit, from whence a right line 
drawn to R touches it. 

From hence it is, that to make Saturn Statio- 
Hary there is need of fo ſmall a receſſion of the 
Earth from the point of its Orbit, where a right 
line drawn to Saturn touches it, towards the 

oint where the Earth comes between the Sun and 
aturn; to make Jupiter Stationary, a greater re- 
ceſſion from the point of contatt of the Orbit of 
the Earth, with a right line touching it drawn to 
Japiter; to make Mars the greateſt, Therefore 
Saturn is Statibnary, when ſeen from the Earth ic 
is diſtant # lite more than a Quadrant from the 
Sun; that is, between the Quartile and Trine 
Aſpect; Jupiter will appear Stationary almoſt in 
the Trine of the Sun; Mars beybnd the Trine. 
Hence it is alſo that tlie ate of the Orbit of Mer- 
cury intercepted between the point where Mer- 
cury is ſeen from the Earth at its greateſt Elon- 
* from tle Sun, and the point where its next 
Station is ſeen, ſubrends a leis angle at the Sun 
than the arc of the Orbit of Venus contains be- 
tween its greateſt Elongation from the Sun and 
next Station: And therefore fince it ſubtends 
both a leſs angle at the Sun, and belongs to a leſs 
Circle, and befides is preſented more Obliquely 
o the Earth, obſerving it, and is more diſtant 
trom it; tis evident that the Stations of Mercury 
| 884 are 
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are much nearer to its greateſt Elongations from 
the Sun than thoſe of Venus. | 
| ' COROLL ARY 3. | 

And from hence again it follows, that in re- 
ſpe& of the ſame inferior, in two ſuperior Pla- 
nets compar'd together ; the farther off the Sun 
the ſaperior Planet is, the longer its Retrograda- 
tion continues; for (by the preced. Corol.) it be- 
gins ſooner and ends later. But the angle of Re- 
trogradation is leſs, becauſe the Orbit of the gi- 
ven inferior Planet ſeen from the more diſtance 
ſuperior Planet appears under a leſs angle, than if 
it were ſeen from a nearer : From this Prep. 37. 
tis evident, that the angle of Retrogradation (con- 
:ain'd between two right lines from the ſuperior 
Planet oppoſite to the Sun, to the places of the 
inferior Orbit, here the one appears Stationary 
to the other) is almoſt equal to the angle where - 
in the Orbit of the inferior is ſeen from the ſu- 
perior, fince the above mention d points of the 
Stations are not far from the points of contact. 

Hence it is, that the Retrogradatiog of Saturn 
ſeen from the Earth is longer, but made along a 
leſs arc, than that of Jupiter; and that; of Jupiter 
in like manner to that of Mars. 

| COROLLARY 4 

But in reſpect of the ſame ſuperior, in two in- 
ferior Planets compared together; the farther off 
the ſuperior Planet is from the Sun, the longer 
is its Retrogradation and along à greater arc. 
The former is evident from the preced. Corel. ſince 
the Retrogradation of two Planets is mutual by 
Corol. 1. The latter js evident from hence, that 
a Planet that is more diſtant from the Sun, while 
it appears Retrograde, deſcribes a longer arc 
ſlower, and therefore ſpends more time. 

Hence it is, that Venus ſeen from the Earth, js 
both longer Retrograde, gnd along a grea:er arc 
than Mercury. 9 | CRO 


.: COROLLARY 33 


Hence it alſo follows, that when two ſuperiar 


Planets are ſeen from an inferior in Conjunction, 
if that which is farther off from the Sun be Direct, 


that which is nearer the Sun will alſo be Direct; 


if that which is nearer the Sun be Retrograde, that 


which is farther off the Sun will alſo be Retro- 
grade. Let S repreſent the Sun in [Fig. 40. ] IT 
the Orbit of an inferior Planet; PZ, RY the Or- 
bits of two ſuperior, Planets. Draw ST any how 
interſecting the Orbits of the ſuperior in Hand R. 
Let B be the Place in the Orbit of the inferior, 
where the inferior: Planet is when the more di- 
ſtant one in R is ſeen from thence to be Stationa- 
* and let A be the Place in the ſame, where 
the inferior is found when the. next in P ſeen 
from the inferior appears to be Stationary, Join 
the right line AP, AS, B R, BS. From Corol. 2. it 
is evident that the Place 4 is nearer to the point 
I than B, and that the angle PAS is greater than 
RBS. When the Planet in R appears Direct from 
the inferior, the Place of the inferior ought to be 
farther diſtant from I than the Place B, for in- 
ſtance in C. Suppoſe now that the nearer of 
the ſuperior Planets ſeen from the inferior 
is in conjunction with the more diſtant one, 
and it will be therefore in the point E, where the 
right line C R interſects the Orbit PZ. By Prop. 


21. Elem. x. the angle ECS is leſs than the angle 


RBS; therefore it is much leſs than PAS. 


Therefore a Planet ſeen in E from C is Direct; 


becauſe to make it Retrograde, tis requiſite that 
ECS be greater than P AS, which 1s requiſite to 
make it Stationary. But the inferigr being be- 
tween B and 4, the more diſtant at R will ap- 
appear Retrograde, and that which is nearer to it 
in conjunction, ſtill Direct; becauſe the Planet 
that takes the view is not as. yet arriy'd to the 
limit 4. ; | But 
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But if the nearer of the ſuperior Planets ap- 
pears Retrograde at P from the inferior, the * 
erior will be between A und 7, for inſtance in P. 
H now the more diſtant Planet in con- 


junction with it, that will be inthe right line 
D'S produced to the Orbit RY, namely in F: 
But the angle F DS is greater (by Prop. 21 El. 1.) 
than P A $, which again is greater (by what Bas 


been ſhown)than RB S. And R ery == 
—_ F from D, = | — — 
grade, ſince to make it appear Direct, a 
angle at the inferior than RBS is requiſite. | 
d hence it is that when Saturn is ſeen from 
the Earth to be Direct, Jupiter and Mars can t be in 
conjunction with him unleſs they alſo be Direct; 
or Mars cant be in conjunction with Jupiter Di- 
rect, unleſs when he himſelf is Direct: But either 
Jupiter or Mars Direct may be in conjunction 
with Saturn Retrograde, and Mars Direct may be 
in conjunction with Jupiter Retrograde. But Jo- 
iter and Saturn can't be in conjunction wit 
ars Retrograde, unleſs they themſelves be Re- 
trograde ; or Saturn with Jupiter Retrograde, 
unleſs Retrograde. 


n 
Iven in the quadrilateral ſgure C GDK [ Fig. 
41.] inſcribed in a Circle, (one of whoſe fees 
CK i a diameter of,the Circle,) the file CG and the 
diagonal CD, together with the ratio between the 
pofite fide K D and the other diagonal GK, (the ſame 
that is between N= right lines N and M;) to 
find the angle GCD contained berwten the given ſide 
and the given diagonal. 
Becauſe the ſum of the Squares of the right lines 
C and KG is equal to the ſum of the Squares of 
the right lines CD and KD, (for each of the ſums are 
equal to the Square of C K; ) the differ@@&of the 
ta : | _- ©quargs 
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Squares of the right lines G K and R D will be 
equal to the difference of the Squares of the ri 
lines C D and CG, and conſequently given. More- 
over, becauſe GK is to DK as Mis to N, the 
Square of GK will be to the difference of the 
Squares of GK and DX, as the Square upon the 
right line M is to the difference of the 
upon M and N; being made out of thoſe in the 


fame ratio with them that are ſimilarly made out 


of.theſe, which are proportional to thoſe : There- 
fore the Square 


upon GR (by Das. 2.) will be gi- 
ven; the Square alſo of CK, made up of the given 
Square of GR and the Square of CG, is alſo 
given: < nently the right lines themſelves 
CK and GK are given, the right line DX is allo 
given, becauſe it has a given ratio to GK. But 
it is a known Theorem among Geometers, de- 
monftrated by Ptolemy, B. r. of the great Conſtructi- 
oz, Chap. 9. that in a quadrilateral CG D R inſcri- 
bed in a Circle, the rectangle contained under 
CD and GK ts equal to the rectangle under C G 
and DX, together with the rectangle under CK 
and GD. And therefore the rectangle under CD 
and G R, leflen'd by the rectangle under CG and 
K D is equal to the rectangle under C K and GD. 
But the rectangled Parallelograms that are con- 
tained under the given right lines are given, and 
the difference of the given rectangles is given; 
and conſequently the rectangle under CK and 
DG is given, and CK is given; therefore G D is 
given. And the three fides in the Triangle GCD 


being given, the angle GCD will be found. 
2. E. F. 


PeoyosITLION XXXVIII. 


T find the Angle of Commutation, whirein two 
1 given Planets ſeen from the Sun are diſtant, and 
#he angle wherein the Sun aud either of the Planets ſeen 


from 
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from the other are diſtant, when one of the given Pla- 
nets ſeen from the other appears Stationery. 45 
Let S be the Sun [ Fig. 42. JI RY, PT the Or- 
bits of the given Planets; and let CD, RA be 
the Arcs deſcribed in the ſame timę by the Pla- 
nets, while they are ſeen from the other Statio 
nary, which are given by what has been ſaid at 
Prop. 37. Join SR, SC, and RC, 4D, which (by 
the preced. } will be parallel. Thro' C draw the 
lines CG parallel to RA, alfa thro G the right line 
GK wo to RS, and thro D the right line DX 
parallel to C S, which may meet in R, join the 
right line CK. The Triangle RD will be equi- 
angular to the Triangle RSC, (ſince each of the 
ſides of that, is parallel to each of this,) and con- 
ſequently ſimilar. Becauſe the Time of the Sta- 
tion of the Planet is very ſmall, if compared with 
the periodic Time even of the ſwifteſt, the line 
C D does not ſenſibly differ fram a right line, as 
alſo RA or C G, much leſs. The former therefore 
does not differ from HC a right line produced 
touching the Orbit P T in C, and the latter pro- 
duced will be the right line C L perpendicular to 
SR, as AR is to the ſame. Moreover, a Circle 
made upon the diameter C K paſſes thro D and G, 
becauſe the angles CG K, C D K are right; being 
by conſtruction equal to the right ones SLC, SCH. 
CG DR therefore is a Quadrilateral inſcribed in 
a Circle, one of whoſe ſides C K is the diameter 
of the Circle, and in which are given the fide CG 
and the diagonal C D; as alſo the ratio betwee 
the oppoſite ſide D K and the other diagonal G K, 
namely, the ſame that there is berween the Semi- 
diametets CS, RS of the given Orbits. And 
therefore (by the Lemma premiſed) the angle 
GCD will be found, to which the vertical angle 
HCL is equal ; and to this again the angle RSC 
is equal, which is the Angle of Commutation, 
A | | ſ* where: 


* 
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whereby the two given Planets ſeen from the Sun 
are diſtant, when the one ſeen from the other 
appears Stationary. Moreover, in the Triangle 
RSC the two ſides 8 R, SC, and the angle RSC 
contained by them being given, the angles SRC, 
SCR will be found; the former of which is that 
angle whereby the inferior is diſtant from the 
Sun, while it appears Stationary from the ſuperior, 
the latcer is the angle whereby the ſuperior is di- 
Nant from the Sun, while it appears Stationary 
from the inferior. 

This Method of defining the Points of the Sta- 
tions fit for Calculation and more natural, and 
as it were depending upon the motion of the Spe- 
Rator about the Sun, I have demonſtrated; paſſing 
over the Geometrical Conſtruction of this Pro- 
blem laid down by Ptolemy in B. 12. of his Almageſt. 
accomodated to the Hypotheſis of the Earth's be- 
ing at reft, which Apollonia Pergezs formerly gave, 
and which Copernicus notwithſtanding ſays, that it 
no leſs agrees with his Principles of the Motion of 
the Earth, in B. 5. Ch. 35. Revolut. and which you 
may ſee in the abovemention'd Authors. a 

If the plane of two Orbits be not the ſame, the 
one may be reduc'd to the other, as letting fall 
from all the points- of the Orbit, which is to be 
reduced, perpendiculars to that other, by which 
means the circular Orbit becomes Elliptic, the 
the Elliptic is chang'd into another Ellipſe, or 
perhaps into a Circle. But a new Orbit is more 
eaſily drawn (by Prop. 33.) thro five Points, two 
of which. are the ſame with two of the Orbit, to 


whoſe Plane the other is reduc'd, namely, the 
common Sections of that with this; the three o- 
thers are found, by ſeeking the Curtated Diſtances 
from the Sun, as was done in Prop. 35. And if 
the other Orbit, or both after the reduction be- 
come Elliptic, the Problem is conſtructed in them 


alcer 
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after the like manner, and the preceding Calcu- 
lation applied to this caſe, after the fame manner 
as was done in Prop. 36. in a caſe not much diffe- 
rent. But to find the ratio between RA and CD, 
Prop. 41. B. 1. is to be uſed inſtead of Prop. 27. of 
the ſame Book; which was uſed in the caſe where 
both the Orbits were circular. 


SECTION V. 


erning Tables of the Primary Planets, and 
_—_ the ſe of — 


TOR reaſons much like thoſe mention d in 
Sect. 9. B. 2. concerning. making Tables of 
the: Firſt Moton, Tables are alſo made for the 
—_— the ſituation of the Pla 

3 one another, and in re- 
dpa to the Fix Stars at a given Tin The Are 
and Method of making them may be leartit from: 


8 e, burthe Order from what fol- 
os. 


PROPOSITION XXXIX. 


11 deſcribe. the Tablet, by the belp of which the: 
E 
Planet at a g F ouſly determined. 

In the firſt ve Table of the E 
— ewo. Parts, of witctfwe 
have treated in Prop. 17. And becauſe in a com- 
plicated Calculation it would be a tedious piece 
of work to take out the two component parts 
with their Signs, add or ſubtract them as occaſion' 


requires, they form one Table made out of them 


mixt together, fitted to the Age the Calculator 


lives, in ſince in that Age the ſituation of the voy 
0 


1 
7 1 i. _— ii. _ 8 Ma 


———— — 


— 


of the Ecliptio, in regard of the Earth's Aphelion, 
is not ſenſibly changed. 125 
Tho this Table of the Equation of Time may 
be reckoned among the general Tables, fince 
Time muſt be uſed to determine the Place of any 
moveable Body, and that marked out by ſome= 
thing moved equably ; and all Time is common- 
ly (and moſt aptly) reckoned by the Sun: The 
_ of A 4 in its own nature 
unequal, ought to uced to an equality; 
that is, ſuch a Table as this onght to be uſeg : 
Notwithſtanding, ſince the Equation of Time- 
marked by the Sun depends, on a double account, 
upon the ſituation of the Earth in re of the 
Sun, this Table tho general in its uſe, and ne- 
in determining the motion of the Fix d 
Stars from the preced. Book, as of the Secondary 
Planets from the following, ought to be reckon d 
from its own nature, among the Tables of the 
Primary Planets. | 

The Tables are to be made ſeparately for each 
of the ſix Primaries, namely Saturn, Jupiter, Mars, 
the E Venus and Mercury. Tho this, or 
the * e 8 — be _ oma rr of the Pla- 
qught: to be diſpoſed after this. order — 
yet with us, who are the Inhabitants of the Earth, 
tis neceſſary that the Tables. of the Earth have 
the firſt place, both becauſe by the help of theſe, 
the motion of the Earth is found, on which the 
— 2 of the Sun 1 
ets) depends; which is neceſſary in- 

the firſt place to determine the motion of any of 
the reſt, by reaſon of the Equation of Time de- 

u 


pending upon it. 

* In the Tables of each of the Planets firſt of all 
the Radix of the Motion of the ſaid Planet is to 
be ſettled; that is, at any celebrated point of 

* mean 


mean Time pitched upon according to the rec- 
koning of the place, for which the Tables are 
made, you have marked by the help of the pre- 
ceding Propoſitions, the Heliocentric Longitude 
of the ſaid Planet, of the Aphelion and aſcend- 
ing Node of the ſame; the firſt whereof, namel) 
the Diſtance of the Planet from the Equinodial, 
conſiſts of two heterogeneous parts; namely the 
diſtance of the Aphelion of the Planet from the 
Equinox, expreſſed by the angle, and the diſtance 
of the Planet from the Aphelion, expreſſed by the 
area of its Orbit. 

In the ſecond place, the Mean Motions from 
the Equinox of the Planet it ſelf, of the Aphelion 
and Node, for fingle Years, Tens, Hundreds, &c. 
alſo for Months, Days, Hours, and parts of Hours, 
are diſpoſed into Tables. | 

In the third place, a Table is ſubjoined, exhi- 
biting the true Anomaly of the Planet to the ſeve- 
ral degrees of the mean Anomaly of the ſame. 
This Table may be made either by Prop. 3. or by 
Approximation by the Ach, 6th, or 7th Propoſiti- 
ons, according to the nature of the Approxima- 
cion which a Perſon has a mind to uſe. 

In the fourth place, you have a Table exhibiting 
the Diſtance of the Planet from the Sun, (found 
by the ſame Propoſitions, together with Prop. 22.) 
in parts, whereof the mean Diſtance from the 
contains 100000, for the ſeveral degrees of 
the mean Anomaly. Theſe two Tables are ad- 
vantageouſly reduced into one, by ſetting next tg 
each degree of the mean Anomaly, the _ 
ble true Anomaly and correſponding Diftance. 
To theſe Diſtances, for eaſe of Calculation, are 
annex d the correſponding Logarithms ; or even 
the Logarithms of che Diſtances alone are diſpoſed 
— Tables, ſince they are ſufficient for Calcu- 

tion. | | "<-> 


in 
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In the fifth place, is put a Table of the Centric 
Latitude, or Inclination of a Planet to the Plane 
of the Ecliptic for the ſeveral degrees of the Di- 
ſtance from the neareſt Node, which Diſtance 
from the Node is commonly called by Aſtrono- 
mers, The Argument of the Latitude. | 

In the ſixth place, you have a Table of Redu- 
Aion, whereby the Place of a Planet in its proper 
Orbit is reduced to a Place in the Ecliptic, ſhew- 
ing how much more or leſs forward it is in the 
latter than in the former. 

In the feventh place, you have a Table ſhewing 

how much the interval of a Planet from the Sun 
in its proper Orbit is to be curtated, to reduce it 
to the plane of the Ecliptie; by letting fall from 
the Planet a perpendicular upon it. And ſince 
theſe three (namely the Inclination, Reductiofi 
and Curtation) are fitted to the ſeveral degrees of 
the Argument of Latitude, the thtee preceding 
Tables will commodiouſly come into one; as was 
ſaid before concerning the third and fourth Ta- 
bles. Theſe three things are found by common 
Trigonometry, having the Inclination of the Or- 
bit of the Planet to the plane of the Ecliptic, 
which is done by Prop. 20. 
In the eighth place, is advantageouſly placed 
the Angle of Commutation (found by Prop. 38.) 
making in that Planet an apparent Station from 
the Earth. And becauſe neither the Orbit of the 
Planet nor of the Earth is circular, neither can 
the ſame Angle of Commatation ſerve in every 
eaſe, nor the ſame in the two next Stations; the 
Angles of Commutation producing both the firſk 
and ſecond Station of the Planet, are difpoſed 
into a Table, for four or eight of the principal 
Anomalies. 5 

In every one of the Inferiors may contmodi- 
ouſly be added a Table, < 1 by Prop. 36,) coa- 


lexing 
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lexing with the former, of the Angles of Com- 
mutation in the greateſt Elongation of the Pla- 
net from the Sun, as well towards the Eaſt as 
towards the Weſt, fitted to the ſame Anomalies. 
To theſe, the Depreſſion of the Sun. below the Hori- 
zon in the Moments of Heliacal Riſing or Set- 
ting is alſo added. And theſe are the common 
Tables uſually made by Aſtronomers for the 
ready finding out the Places of the Planets. 


PROPOSITION XL. 


i O calculate the Heliocentric and Geocentric Place 

of any Planet, in regard of Longitude nd L- 
titude at any time propoſed, by the help of the above de- 
ſcribed Tables, and to define its Pets, 

Firſt of all, let the Time propoſed be equated, 
as was ſhewn in Prop. 17; let the Place of the 
Earth ſeen from the Sun, and its Diſtance from 
the Sun be found for that mean Time, as in che 
18th. And ſince by the help of the firſt Table 
at the aſſlum'd Epocha there are given the diſtan- 
ces of the Planet propoſed, and of its Aphelion 
and aſcending Node from che Equinox ; and by 
the ſecond, their Mean Motions made between 
the ſaid Epocha and the Time propoſ:d, being 
equated, as was faid ; the 5 of the 
Planet from the Equinox, and the Diſtanczs of 
the Aphelion and tne Nodes from the ſame will 
be given. The difference of the. cwo former is 
the Planets mean Anomaly; to which, the corre- 
ſpondent true one or angular. Helioceneric Di- 
{tance from its Aph<lion may. be taken, out of the 
third Table; and out of the fourth, the Diſtance 
of the ſame from the Sun. The Diſtance of a 
Planet from the Node, or the Argument of La- 
titude will likewiſc be given; to which, the corte- 
ſponding Inclination, or Centtic Latitude op bon 


the T 
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taken, out of the fifth Table; and out of the 
ſixth, the Reduction, whereby it is reduced to the 
Ecliptie; and but of the ſeventh, the Curtatiem, 
which being ſubtracted from the Diſtance of the 
Planet — the Sun in its own Orbit, fitſt taken 
out of the fourth Table, leaves the Curtate Di- 
ſtance of the Planet from the Sun. 

2 this manner may be had the following 


gs in the Diagram of Prop. 35; viz. the right 


line 57 Fig. 43: } in magnitude, namely the Dia- 
— = Earth 1 Sun; ww fame in 


— namely the Heliccentric Place of the 
Earth; the righit line S E in magnitude, 2 the 
Curtate Diſtance of the Planet from the 5 
the ſame in poſition, namely the Place of the 
Planet reduced to the Ectiptic : And — 
the angle TSE is given, contained between right 
lines given by poſition, which is alſo the angle of 
Commutation ; therefore the angle STE the E- 
longation of the Planet from the Stu ſeen from 
the Earth will be found: But the Place of 'the 
Sun ſeen from the Earth is given; and therefore 
the Geocentric place of the Planet in the Eclips 
tic, and TE' the Diſtance of the Planet from the 


Earth are om 

Again, aſe LE is perpendictlar to the 
plane of the Ecliptic TS NE, the Triangles 
SEL, TEL are rightangled at E; and therefore 


angents of the angles ETL, ESL ate in 
the ſame ratio with E S, ET; But E ST, is ths 


Heliocentric Latitude of the Planet firſt taken 
out of its proper Table, and the ratio of ES to 
ET is given; for the right lines themſelves are 
given, (but the ratio of theſe is the ſame with the 
ratio of the Sines of the oppoſite angles S E of 
Elongation, and 78 E of Commutration;) where- 
fore ET L the Geocentric Latiude of the Planet 


u known, 
H h 2 "die 
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Moreover, by the angle of Commutation and 
Anomaly of the Planet found above, in the 
eighth Table it may be found whether the ſaid 
Planet be in the firſt or ſecond ↄtation. But if 
the angle of Commuta: ion be leſs than that which 
in this Planet makes the Station, the Planet will 
be Retrograde; if greater Direct; as was ſhewn 
above. And after the ſame manner, by the ſxme 
Table it may be found whether Venus or Mercu- 
ry be in their greateſt Elongation from the dun. 
And by the Place of the Planet found ab. ve, 
and the known Depreſſion of the Sun requiſi:e 
to it, annexed to this Table, it may be determi- 
ned by Prop. 38. B. 2.) whether the Planet is ring 
or ſetting Heliacally, or lies hid under che rays 
of the Sun. And laftly, by the ſame method, 
with that whereby the Phaſis of the Moon is deli- 
neated, Prop. 17. B. 1, the Phaſes of Mars, Ve- 
nus or Mercury, at a given time may be de ine- 


ated. But Jupiter and Saturn always appear fuil ; 
as was ſaid in Prop. 9. B. 1. | 


In this Propoſition we do not attend to the va- 


riety of all caſes, viz. whether this Arc be to be 
ſubtracted from that, or vice verſa that from this; 
nor to the different caſes of Inclinazion and La- 
titude Northern and Southern, Elongation Eaſt- 
ern and Weſtern, and the like of the reſt; nor 
how out of two numbers, the intermediate Tabu- 
lar number ſought is to be found by proportion: 
For we do not here give rules of calculation to 
be obſerved by a Calculator literally, but the 
Geometrical principles of a Calculation. 
r 

Tho the Tables above deſcribed are natural 
and commonly madc uſe of, yet to find the Pla- 
ces of the Planets moi e readily, Tables are made 
after this or the like manner advantageouſly e- 
nough, by ſuch as look upon the * 2 
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Nodes of che Orbits of the Planets to be at reſt; 
as Street of all the Planets, Flamſtead at leaſt of the 
Aplides of the Earth. 6 

For every Planct's Radixes are to be ſettled, 
not cf the Longitude of a Planet, and of its Aphe- 
lion and Node, as before, but of che mean Ano- 
maly of tlie Planet: And the Motion of the Ano- 
maly or Yeacs and ſums of Years, Months, Days, 
(or rather for the particular days of the ſeveral 
Months current,) Hours, &. 

To theſe are added the following things, which 
always continue the ſame, determining the ſitua- 
tion of the Orbit of the Planet, and exhibiting 
the intire Theory expreſſed by numbers; namely 
. The Diſtance computed in the Ecliptic of the 
Aphelion from ſome one of che Fix d Stars for 
inſtance, the firſt of Aries, or the difference of 
Longitude of che ſaid Fix d Star and Aphelion of 
the Planet, which is called the Longitude of the A- 
phelion from a Fi d Star. 2. The Longicude of ihe 
aſcending Node of a Planet from the ſame Fix'd 
Star. 3. The Inclination of the Oi bit of a P:anet to 
the plane of the Ecliptic. 4. The Magnitudes of 
the greater Axe of the Orbit of a Planet and of its 
Excentiicity, expreſſed in parts, whereof che mean 
diſtance from the Earth contains 100000. For from 
theſe, by the reſpective Propoſitions, the Longitude 
of the Planet from the firſt Star of Aries, the Incli- 
pation or H:liocentric Latitude Northern or Sou- 
thern, and the Curtate diſtance of a Planet from 
the Sun are found, for any mean Anomaly of the 
Planet. Out of theſe artificially annexed to the 
mean Anomaly, to which they belong, are made 
Tables ; though inſtead of the Curtate Diſtance 
itſelf, the Logarichm alone will ſuffice for Calcu- 
lation. For ſince (by Prop. 43. B. 1.) the mutual 
ſituation of a Fix d Star and the Orbits of the Pla- 
nets remains the ſame, 1 the Lines of the Nodes 


h 3 and 
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and Apſides are at reſt, (at leaſt they are taken to 
be fo by thoſe Authors, ) fo the ſame point of the 
ſame Orbit, that is, to the ſame mean Anomaly, 
theſe thfee continue the ſame and unvaricd in the 
ſame Planet. Theſe being taken our of the Ta- 
bles, the reſt is done; as above in the Propoſition. 
But the Longitude of the firſt Star of Aries at a 
ven Time is found by the Tables of the Fix d 
rs, of which ſee Prop. 68. B. 2. What remains 
about the Paſſions of the Planers is to be done af- 
ter the fame manner as above. * 7 

Such Tables as are more ready for uſe than 
thoſe mention'd above, are called Ephemerides of 
the (Celeſtial Motions, 'beitig calculated, from the 
perperugl Tables deſcribed above, for a certain 
number of Years, and they ſhew the Places of the 
ſeveral Planets às to Longitude and Latitude, 
their Paſſions, arid mutual Aſpects, as well when 
they are viewed from the center of the Sun, ha 
from the center of the Earth, for every day; to 
which alſo are added the Places of the Moon com- 
puted for every day, its Phaſes, the Eclipſes of 
the Sun and Moon, and other things found i in 
the following Book. 


ProposTTION XLI. 


N the Primary Planet: compared” rogether, the 
nay ele IRS. 2 
the greater Axes Elliptic „, which the de- 
ſeribe about the JA *. ; 7 
Let 8 [ Fi. 44. ] repreſent the Sub ; MFTN 
the Orbit o hy Earth, whoſe Apſides are M and 
N, AEPB the Orbit of any other Planer, whoſe 
Apädes are A and P, which are ſuppoſed to be fo 
delineated in the Scheme, as that the Inclination 
of the lines A N, AP may be the fame with tha 
found by what has been ſaid about the Lines o 


the Apſides of the laid Planers i in the _— j 


EY 
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and the ratio of the Cubes of them, the fame with 
that of che Squares of the Periodic Times of the 
ſame Planers. I fay, that the Orbit of the Earth 
remaining, ano her Planet can't move in any 
other Orbit beſides that juſt now deſcribed 
AEPB. For if it can, let the different Orbit 
of the nid Planet be 4278 that is, ter or 
leſs than the Orbit AE P B. Let Fdenote the 
int in the Orbit of the Earth, wherein the 
rth is when it is in conjunction with any o- 
ther Planet Heliocentrially. The line 8 F drawn 
(and if need be, produced) will ſhew in the Orbit 
AEP B, the point B, wherein the other Planet 
would then be found if it moved in this Orbit; 
and in the Orbit a+ /, which it is ſuppoſed to 
deſcribe, the point gj in which it is really found. 
The Earth removing from F and the other Pla- 
net from g, after a certain time, let che former 
be found in 7, the latter in ,: S* joined will 
meet the Orbit 4 E P B in the point E, in which 
the Planet would have been found, if it had de- 
ſcribed the Orbit A EP B, ſince the Periodic 
Time is ſufficic ntly known and certain. The right 
lines ET, eT being drawn, the angle S7. will 
be the Elongation of the Planet from the Sun at 
the ſaid time: Put this Elongation is not agree- 
able to obſervation, for 'tis the Elongation STE 
(drawn from the ſuppoſition, that the Planer de- 
{cribes the Orbit A EP) that does. And there- 
fore ſuppoſing FT N to be the Orbit of the 
Earth, that other Planet does not deſcribe the 
Orbit 2278 different from the Orbit 4 E PB. 
But the Cubes of the greater Axes of the Orbits 
AEP B, MFT N are as the Squares of the Peri- 
odic Times of the Planers moved in thoſe Orbits. 
And the ſame is collected of the other Planets 
compared with the Earth, for the like reaſons: 
And therefore ex quo, in any two Primary Pla- 
| Hh 4 | nets 
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nets compared together, the Squares of the Peri- 
odic Times are as the Cubes of the greater Axes 
of the Orbits, wherein they are carried. 

And generally the agreement of the Places by 
calculation with thoſe obſerved, argues the true 
Situation and true Species of the Orbit of any 
Planet, as well as the true Magnitude. For the 

icuations of the Earth and the other Planets are 
lo variouſly intermingled, that any notable errors 
gommitted in the ſettling the Orbit and Theory 
of any Planet would ſometimes manifeſtly diſco- 
ver themſelves, and become very ſenſible ; But 
on the contrary, the Places of the Planets drawn 
from Tables depending upon the ſaid Theories, 
ſtrangely agree with their Places by obſervation. 
The very ſmall difference from obſervation inthe 
mean while is owing to other cauſes ; namely 
the action of the Planets upon one another, the 
effects whereof in diſturbing the motions of the 
Planets are afterwards to be conſidered, and their 
Orbits rectified from thence, 
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HE Geocentric Place of a Planet at a given Time 
being given, to find by the Tables the Place of 
the ſame ſeen from a given Place or Habitation upon 
the ſurface of the Earth at that time. | 

If the Habitation given be not in the ſame Ter- 
reftrial Meridian with the Place to which the 
Tables are fitted, let the given Time be reduced 
to the reckoning of the Place of the Tables, by the 
Tables deſcribed Sect. 9. B. 2. To that Time ſind (b 
Prop. 36. B. a.) its Altitude, ſeen from the center of 

the Earth, above the horizon of the Habitation 
iven, and the Azimuth. Let the Parallax of the 
= that correſponds with the Alticude thus 
found, be taken out of the Table made by Prop, 
47. B. 2; from the Parallax of one Diſtance 20 
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of one Altitude, or known by ſome Prop. of the 
24 Book, or by one of the following: And ( by 
Prop. 48. B. 2. the Parallax of the Planet in <4 
ſame Altitude above the Horizon, will be to the 
Parallax of the Sun taken above, as the Diſtance 
of the Sun from the Earth; to che Diſtance of the 
Planet from the ſame : But theſe Diſtances in the 
Place of the Planet to be computed by the preced. 
were known ; wherefore the Parallax of the Pla- 
net correſponding to that Altitude is found. This 
therefore: is to be ſubtracted” from the Geocen- 
tric Altitude found above, that it may become 
the Altitude once corrected in the given Habita- 
tion. To the Altitude thus corrected add the cor- 
reſponding Refraction, from the Table of Refra- 
tion made by Prop. 66. B. 3. of the uſe of which 
we have ſpoken in Prop. 68. of the ſame.; and 
you will have the apparent Altitude of the Planet 
in the given Habitation, the Azimuth firſt found 
remaining unchanged, From: this apparent Alti- 
tude and Azimuth, you may find b by Prop. 26, and 
27- B. 2. the Planer place, Which will be tho 
apparent one in the given Habitation. The 
Time propoſed reckoned. in the Meridian to 
which the Tables are fitted, and afterwards re- 
duced to the Meridian of che given Habitation, 
ſince it is a mean, (ſuch as it ought ta be when 
Tables are uſed) tis reduced to apparent Time, 
by Prop. 17. Therefore the apparent Place of the 
Planet, at the given Time now made the appar- 
ent, is found. 
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| SzcrioNn VI. 
Of the Magnitude of the Orbits of the Planets, 


IN what precedes, we have conſidered the Pla- 
1 nets themſelves, as ſo many points p in 
their Orbits; chat is, -we have ubſtracted from 
their Magnitude. And in this caſe it is the ſame; 
as to the Phænomena, what Mugnitude the Or- 
bit of any of thotn i ſuppoſed to be of, provided 
all the reft have that ratio and poſition to this, us 
they have in nature: Therefore we have every 
where ſuppoſed che common meaſurs of all the 
Orbits and their parts co be the (greater Axe of 
the Orbit, that the Earth (the Habitation of the 
Spectutor) deſcribes abdut the Sun, or half of it; 
the mean Diftance of the Earth from the Sun; 
without being concerned about the Magnitude of 
this apparent Diſtance: But now wheti-the Mag- 
nitude of the other Planers comes to be compared 
with the Magnitude of the Earth, the uforeſuid 
Diſtances muſt be compared with the Diameter 
of the Earth; which:may be done by che help of 
the Parallax being known, as was ſhewn in Bool 2, 

tho the ' Parallax of the Planet might be 
ound by one ofithe ' methods of finding che Pa- 
rallax delivered in Bob 2, if you could vbſerve it 
as accurately as you pleaſe ; yet notwithſkanding, 
becauſe there are ſeveral things that are too ob- 
yious which are an hindrance to it, I ſhall pro- 
poſe two methods by which this obſervation, fo 
ſlippery as it is, may be made without any dan- 
ger of a notable error. In the firſt it ſhall be 
done by two obſervations made together in twa 
Places of the Earth ; in the ſecond, by rwo made 
in the ſame Place. | Px 0- 
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Prorotttion xIII. 
of two Planets, obſerved in two 


Y the Conjuncr ion 
7 given places of the Earth, Fo nd the Parallax of 


Let the true Places of the two. Planets obferved 
in” Corporal Conjuction (that is, where the ons 
ems to touch or cover the other) he L and E. 
Imagine the Circle A B [Fig. 45. J to be drawn 
thro” the vertices A and B of the Places on the 
Earth. Draw the vertical Circles AE M, A LO, 
B EP, 'B LN. Let the Planets be obſerved from 
ohe of the given Places (namely that whoſe 
vertex is 4) in O and Ad. And fince the Places 
are given whete'the obſervations are made, by 
+ 32. B 2.) the difference of the Meridian: 

will be given; and ſo the names of the Hou 

whereby an dea ſame inſtant of time is expre 
ſed in the ſaid two Places: Aud e che 
ſame moment of Time may de pitched upon to 
make the obſervation in the given Places. There- 
fore at the ſame inſtant that the Planets in O and 
M are obſerved from the Place whoſe vertex is 
A, let them be obſerved from the Place whoſe 
whoſe vertex is'B, for inſtance, in Nand P; Draw 
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fo (Enter by a Micrometer, or what is inſtead of 

) Threads ſtretched various ways in the Focus 
of the Teleſcope, or by the help of an anni 
throwing the hs fade upon a Plane, or by any o- 
ther method to be left to the induſtry of the Ar- 


tiſt) the magnitudes of the Kees NP, OM 
(which in a corporal Conjunction, by reaſon of 
their ſmallneſs, will be right lines) ** of the An- 
les PN B, NPB, 40 M, and AMO. Now, 
5y the Theory of theſe Planets, there is given the 
ratio of their Diſtances from the Center of the 


Eaxth, from whence, and thrig Alticudes (obſer- 


great Circles LE, O M, "NP. Obſerve al- 


I 
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the Sine of their di 


475 The ELzMENTs Bock III. 
ved exactly enough for this purpoſe) there are alſo 
iven (by Prop. 49. B. 2.) the ratios between the 
ines of the Arcs LN, EP, LO, E A, and con- 
ſequently ( by 2, Dat.) one being given all are 
known. From the point P let the Arc PR be 
let fall 1113 upon the Aximuh BN 
9 : And in the rightangled ſpherical 
riangle P NR, the ſide P N and angle P NR 
being given, you may find the ſides N R, RP, 
and the angle R N; therefore the angle RPE 
is known. Suppoſe (after the manner of Ana- 
lyſts) the Sine of the Parallax L N in the com- 
tation to be the Roor: And by the given 
ines of the Arcs LN, NR, you may find (by 
what Prolemy delivers in Cap. 9. B. 1. of che A 
wageſt) the Sine of the Arc LR, their ſum. Then, 
in the ſpherical Triangle LPR rightangled at 
R, by the given Sines of the ſides LR, RP, you 
may find the Sines of the fide LP and Angle 
LPR. Therefore, by the given Sines of the angles 
LPR, and EPR (by what is demooſtrated by 
Ptolemy in the place 2 above) you may find 
ference; namely of the an- 

gle LP E. From the point L let fall the Arc LT 
ndicular to the Azimuth B P. Therefore in 


the ſpherical Triangle P L7 rightangled ar 7. 


by the given Sines of the fide L and angle LP, 
ou may find the Sines of the ſides L, TP: 
erefore the Sine of the arc ET, namely the 
difference of the Arcs EP, TP is given. And 
laftly, in the ſpherical Triangle ETL rightan- 
gled at 7, by the given Sines of the ſides LI, ET, 
3 find the Sine of the fide EL. Juſt after the 
me manner you may find the Sine ofthe ſide E 
from the Sines of the Arcs LO, EM given, expreſ- 
ſed by the before ſuppoſed Root. Therefore you 
have given an Equation between the Sine of the 


Arg EL found firſt, and che ſame Sine found 


ſecondly, 


- 
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ſecondly, the reſolution whereof will give the 
value of the Root, or fine of the Arc LN; from 
whence all the reſt that is ſought will become 
known. Burt if ſuch Places upon the Earth be 
choſen, as have the Planets pailing the common 
Azimuth of the Places, and that inſtant of Time - 
wherein one of them is in the ſaid common Azi- 
muth ; this conſtruction will become that parti- 


cular one in Prop. 87. Opt. Prom. of Fames Gregory. 
LEMMA. | 


HE difference of two Duantities and the ratio 
between them being given, to find the Quanti- 
ties . bemſel vet. | 

Let a quantity be taken, that is to the known 
difference, as the the greater term of the given 
ratio, is to the difference of the terms ; this quan- 
tity will be the greater of the quantities ſought: 
For in four proportional quantities, the ucts 
of the two former are in the ſame ratio with the 
ſimilar products of the two latter. If the greater be 
leſſen d by the given difference, what remains 
will be the leſs. 


 ProposITION XIIV. 

Y two Obſervations of the ſame Corporal Conjun- 
D #ion of two Planets, made in the ſame Place, to 
determine the Parallax of both Planets. 

Ler the apparent motion of che two Planers 
reduced to the Ecliptic, made mutually by one 
another (or to one another) in a given time, be 
obſerved near the Corporal Conjunction: And 
by che Theory of both Planets, known by the 
preceding, let their motion from one another 
mutually be determined, computed in the Eclip- 
tic, viewed from the Center of the Earth, made 

in the fame time; which may be done e 
enough, if the time be not too great. From the 
arcs 
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arcs therefore given, namely, the true and ap- 
parent motion of the Planets from one another, 
made in the ſame time, the Parallax of both is to 
be determined. | 3 An 

Let HO Eg. 46.] repreſent the Horizon; 2 
the Zenith, and EC the Ecliptic: And let SF be 
the arc of the Ecliptic, wherein the Planets 
(viewed from the Center of the Earth) move mu- 
tually from one another in a given time, known 
from the Theory ; and AB the are of the Eclip- 
tic, whereby they ſeem ro move from one ano- 
ther in the ſame time, known by Obſervation ; 
therefore their difference is given. Thrco' A and 
B imagine Circles of Latitude 4 D, BF drawn, 
meeting the Verticals 2 H, Z O, drawn thro S 
and V, in D and F; aud $.4 is. the Parallax of the 
Longitude of the nearer Planet from the more re- 
mote, or the, excels of the, greater Parallax, of 
Longitude above the leß in this ſituation; and 
V che exceſs of the greater Parallax above the 
le in the other. The ratig of the arc 48 to 
the arc BV is compounded of the ratios of 48 
SD, SD to VF, and /F to B/; but the ratio 
AS to SD is known, becauſe in the rectilineal 
Triangle ASD, rightangled at A, the Triangle 
ASD i given, found by ig > 36. B. 2; the 
tatio of SP to VF is found, by Prop. 47. R 33 
and the ratio of / F to B is found as befote, in 
the ratio of 45 to S D; wherefore the ratio of 4S 
to BV compounded of them is known: But the 
difference of the arcs AS. and BY is alſo known, 
namely che ſame with the; given difference. of 
the arcs AB and SY; and therefore (by Lem. 


preced.) the arcs th Ives 4S and BY will be 


- 


given. And therefore (by Dat. 2.) S D and V 
will be given; that is, the exceſs of the greater 
Parallax above the leis in a given Altitude: For 
the Altitude HD or O F may be obſerved exact 


enough 
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enough for that purpoſe. And from thence the 
exceſs of the greater Horizontal Parallax above 
the leſs (by Prop. 47. and 63. B. 2.) will alſo be 
ven: But by Prop. 35.) the ratio between the 
oſs of che given Planets rom the Earth at 
the time of Obſervariogis given, (for the Diſtance 
of both from the Earth is expreflſed in the parts 
of the mean Diſtance of the Farth from the Sun;) 
and therefore the cario of the Horizontal Paral- 
laxes of the ſame Planets is alſo given, becauſe 
(by Prop. 48. B. 3.) the reciprocal of 8 former: 
And therefore (by Lem. preced.) the Horizontal 
Parailaxes of the Plancts themſelves are alfo 
ven. 
8 15 from hence the Parallazes of all the Pla- 
nets are determined. For the Parallax vf one ob 
the Planets being given, the Parallax of all of 
them (by Pr 1 B. 2.) 75 given; becauſe (by 
the precedin n ſition) at & given time the ra- 
tio between 


from the center of 
the Earth i 1 | 


r ſhawn in the preced. ——_ 
may 0 ug to determine = Parallax of both, 
nay any Planet (Mars, for inftance, in his A- 
chronical ſituation, and neareſt to the Earth) in 
conjunction with a Fir d Star, whoſe Parallax is 
* may ſuffice to determine its Parallax, 
(at that time the greateſt, one of the inferior Pla- 

nets paſſing over the diſe of. the Sun, is fitteſt 
or that purpole ; eſpecially Venus, whoſe Parat- 
lax is very ſenſible, becauſe ſhe is then nearer ; 
and che Theory, fo far as ic is neceſſary for this 
Purpoſe, is acute enough known. 


P x O- 
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ProPosITION XLV. 5 
) determine the greater Axes of the Orbits of the 
| Planets, Excentricities, c. in known meaſ's rei. 
For any time (by one of the two preceding, 
or any other method ſhewn in B. 2.) find the Pa- 
rallax of any Planer, correſponding with any 
known apparent Altitude; and from thence the 
ratio of the Diſtance of the Planet from the cen- 
ter of the Earth to the Semidiameter of the Earth 
will be given; ti4mely- the fame (by Prop. 46. 
B.2.) with that which is between the fine of the 
apparent Diſtance from the vertex and the ſine of 
the Parallax. But (by Prop. 35.) the ratio bes 
tween the Diſtance of the Planet from the center 
of the Earth and the Diſtance of the ſame froni 
the Sun at that known time; and (by the preced. 
Prop.) for the ſame Time the ratio of the di- 
ſtance of the Planet from the Sum to the greater 
Axe of the Orbit, and its Excentricity, Cc. is gi- 
ven: And therefore, ex £quo, and by (Dat. 2.) fs 
ratio of thoſe right linas to the Diameter of the 
Earth will be given, that is, all theſe'Diameters 
of the Orbits will be given, expreſſed by Diame- 
ters of the Earth. And ſince, by the Scbal. of 
Prop. 17. B. 2. the Diameter of the Earth is found 
in known and familiar meaſures, the aforeſaid 
Diameters of the Orbits will be given in the fame. 
By this means the Diſtances of the Sun and Pri- 
mat y Planets from the Sun at any time propoſed, 
expreſſed by Semidiameters of the Earth or any 
other known meaſures, become known. For 
thoſe Diſtances at that time expreſſed in the parts 
of the mean Diſtance of the Earth from the Sun 
are known, (by Prop. 34. and 35,) and (by this) the 
ſaid mean Diſtance of the Earth from the Sun is 
known in known meaſures, 


SECT 
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FP SECTION VII. 
Of the Magnitude and Denſity of the Sun and 
Primary Planets. 


Poros TIR XLVI. 
O define the Magnitude of the Sun and Primary 
Planets. | 

*Tis very proper in this place, having laid down 
the Theory of the Planets, to treat alfo of their 
Magnitude and Denſity, upon which conjunctly 
the Quantity of Matter in each depends; eſpeci- 
ally ſince ſome things in their Motion and the di- 
menſion of their Orbits come to be rectifled by 
this means. 6 | 

Let ſome one of them be 4BC,[ Fig. 47.] whoſe 
Centeris P,and let O be the Eye of the Obſerver. 
Join the right line O P, along which imagine a 
plane drawn cutting the ſpherical Body of the Sun 
or Planet in its greateſt Circle BAC. From Odraw 
right lines OA, OB touching it, and join the 
right line PA. The angle AO B is the fame with 
the apparent Diameter of the ſaid Body at O, and 
is biſected by the right line OP. Let this be ob- 
ſerved by the methods well known to Aſtrono- 
mers, by which means, in the Triangle 4 OP, all 
the angles will be known: For {by Prop.16. El. 3.) 


'A is à right angle, and 40 is half the ob- 


ſerv'd apparent Diameter; hence the ratio of the 
ſides OP and AP is known: But (by Prop. 45.) 
the ratio between the Semidiameter of the Earth, 
and OP the Diſtance of the Planet is given ; there- 
fore ex quo, the ratio between the Semidiameters 
and the and Planet is given ; therefore the 
triplicate of this is alſo given, namely the ratio 
berween the Earth and the Planet. Burt the 
Magnicude of the Earth is given by Scbol. Prop. 
17. B. 2; and therefore the Magnitude of the 
Planet (by 2 Dat.) is * 2. E. F. 5 
i 


* 


— 


- 
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If thro' T and P the centers of the Earth and 
Planet [ Fig. 48. ] a Plane be drawn cutting them 
both, the common ſections of this plane with 
thoſe Bodies will be great Circles in them. But 
if you draw the Tangents T A, PD, and join 7p, 
TD, AP ; theſe two laſt do almoſt coincide with 
arcs deſcribed upon the Centers T and P and at 
the diſtance TP; and conſequently they are in 
the ſame ratio with the angles TPD, PT A that 
they ſubtend, the latter whereof is che apparent 
Semidiameter of the Planet, the former its Hori- 
zontal Parallax : And therefore reciprocally the 
Diameter of the Planet is to the Diameter of 
the Earth, as the apparent Semidiameter of the 
Planet to its Horizontal Parallax. But the three 
fatter terms of this Proportion are given ; and 


therefore the firſt, namely the Diameter of the 
Planet. 


SCHOLIUM. 


By the aforeſaid method, the Magnitudes of 
the Sun and all the Planets, excepting the Earth, 
may be accurately compar'd together. For their 
Diameters are in à ratio compounded of the ratio 
of the Diſtances, and of the ratio of the Sines of 
the ſemi-angles under which they appear, that 
is, almoſt of the apparent Diameters : But the ra- 
tio of the Diſtances found by Prop. 35. is the ſame 
with the true by Prop.' 4x ; and the ratio of the 
apparent Diameters is certain by obſervation. But 
the compariſon of che Magnitudes of thoſe Bodies 
with the Magnitude of the Earth depends upon 
the Parallax of fame Planet. If this be not accu- 
rately given, the ſaid compariſon can't be made 
accurately. We have already given the beſt me- 
thods of finding ir in their proper places : But the 
laſt, which you have in Prop. 44. feems.moſt fit 
for uſe, if it be apÞlied to Venus ſeen in the diſc 
of che Sun ; which has not been yet dons, 1 
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be done till the year 1761, (which will be the ſe⸗ 
cond time of Venus being to be ſeen by us in the 
Sun.) If in the mean while the Diameter of the 
Earth ſeen from the Sun be made a mean bet wee 
the Diameters of the five others ſeen from the ſame; 
(which tis very probable is not far from the 
truth, and beſides agrees very nearly with the 
Parallax of the Sun determined by an obſerviti- 
on of Mercury ſeen in the Sun, and other obſer- 
vations mdde other way$,) the Magnitudes of 
all the Planets and Sun will come otit near enotigh 
to their true Magnitudes, and fuch as are to be 
taken for the true, till ſomething more Certairi 
be ſettled about the Parallax of the Sun by obfer« 
vations. 5 5 
ProPosITION XLVIL LEMM 4. 
T O find the ratio of the Diſtance of a given Secon* 
1 dary from its Primary, to the Diſt ance of the gi- 
ven Primary from the Sun. I 1 
Let S repreſent the Sun; ¶ Hg. 49.] T the Eartſi; 
P any Planet, whoſe Satellite is 4. At T obſerve 
its greateſt Elongation from P, namely the angle 
ATP. Therefore in the Triangle PAT right- 
angled at 4, the angle T being given, the ratio 
of the fide AP to PT will be given: And by 
Prop. 35. the tatio of PT to TS is given; afid 
the ratio of S to the Diſtance of any other Pla- 
net from the Sun is alſo known ; and therefore 
the ratio between the Diftanee of the given Satel= 
fires from its Primary and the Diftance of any 
Primary from the Sun will not be unknown. 
But if the Satellite propoſed he our Moon, the 
Problem can be folved nootherwiſe than by find- 
ing the Diftance of the Sun from the Earth; (by 
one of the methods above, or ſome like ir) and 
the Diſtance of the Moon from the fame (by the 
ſame, or fome other already delivered of hereafter 
fo bs delivered in * 
i 


Pro?! 
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PROPOSTITION XLVIII. 


O find the ratio of the Quantity of Matter in the 
Sun to the Quantity of Matter in a given Primary, 
about which a Satellite revolves. 

Let S be the Sun; [ Fig. 5o.] P the Primary 
Planet given, about which its attendant A re- 
volves; and let / be any other of the Primaries 
taken at pleaſure : Make P B equal to SV, and 
imagine any Body plackd at B; and (by Prop. 49. 
B. 1.) the Quantity of Matter in S to the Quan- 
tity of Matter in P, will be as the accelerative gra- 
vity of the Body / towards S to the accelerative 
gravity of the Body B towards P. And the ratio of 
the accelerative gravity of the Body / towards 8 
to the accelerative gravity of the Body B towards 
P, is compounded of the ratio of the accelerative 
gravity of the Body / towards S, to the accelera- 
tive gravity of the Body 4 towards P, and of the 
ratio of the accelerative gravity of the Body 4 
towards P, to the accelerative gravity of the 
Body B towards the ſame P. But (by Prop. 26. 
B. 1.) the accelerative gravity of the Body V to- 
wards S, is to the accelerative gravity of the 
Body A towards P in a ratio compounded of the 
ratio of the right line SY to the right line P 4, 
and of the duplicate ratio of the periodic Time 
of the Satellites A about P, to the periodic Time 
of the Primary about the Sun; and the accele- 
rative gravity of the Body 4 towards the Planet 
P is to the acceleratigggravity of the Body to- 
wards the ſame, in t duplicate ratio of the right 
line PB (or its equal S/) to the right line P A. 
And therefore the accelerativeg ravity of the Body 
towards S is to the accelerative gravity of the 
Pody B towards P ; that is (as wasſhewn above) 
the Quantity of Matter in S is tothe Quantity of 
Matter in P, in a ratio compounded of ay, 2 

; 0 W- 
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following; namely, the ratio of the right line SY 
to the right line P 4, the duplicate ratio of the 
periodic Time of the Satellice 4 about the Pla- 
net F, to the periodic Time of the Primary / a- 
bout the Sun, and the duplicate ratio of the right 
line S// to the right line PA. But the firſt and 
laſt compounding ratio make the triplicate ratio 
of the right line 8 to PA: From whence the 
Quantity of Matter in & is to the Quantity of Mat- 
ter in P in a ratio compounded of the triplicate 
ratio of SF to PA, and the duplicate ratio of the 
periodic Time of the Satellite 4 about P to the 

riodic Time of the Primary about the Sun. 
Bur both the compounding ratios are given; 
namely the ratio of S to P A, by the Lemma pre- 
miſed, and the periodic Times themſelves by ob- 
ſervation: Therefore the ratio compounded of 
them will not be unknown ; namely the ratio of 
the Quantity of Matter in theSun to the Quantity 
of Matter in the Primary 7. 

Hence the ratio of the Quantity of Matter in 
the three Planets that have Satellites may be found; 
vix. by finding the ratio of the Quantity of Mat- 
ter in every one of them to the Quantity of 
Matter in the Sun. 

SC HOLIU M. 

After the ſame manner you may find the ratio 
of the accelerative Gravity in the ſuperficies of 
the Sun to the accelerative Gravity in the ſuper- 
ficies of any Planet that has a Satellite. For 
the ratio of Grayity in the ſurface of the Sun, to 
the Gravity ja VJ. viz. the duplicate of the ratio 
of the Diſtance 8 V, to the Semidiameter of the 
Sun, known from what goes before, and the ra- 
tio of Gravity in / towards the Sun to the Gra- 
vity in 4 towards the Planet, found as above, are 
had ; as alſo the ratio of Gravity in 4 to the 
Gravity in the ſuperficies of the Planet P, the. 

0 Ii 3 > dupli- 
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duplicate of the known ratio that the Semidiame- 
ter of the Planet has to the Diſtance of the Satel- 
lite from the Primary. Now it is evident, that 
the ratio compounded of theſe three known ra- 
tios, is the ſame with the ratio of Gravity in the 
ſuperficies of the Sun to the Gravity in the ſur. 
face of the Planet P. And from hence again, ex 
equo, the ratio of Gravity in the fuperficies of one 
Planet to the Gravity in the ſuperficies of the o- 
— Planet, if both have Satellites, will be deter- 

r | — 
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Pezxoea$ITION XLIS.. 


io find the ratio of the Denſity of the Sun to the 
42 ſity of any Primary Planet, about which a 
Satellite revoluve. | 
If there be twoBodies A and B of the ſame mag- 
tude, tis evident the Quantity of Matter in 4 

is to the Quantity of Matter in B as the denſity 
of A is to the denſity of B; And if they be of the 
fame denſity, the quantity of matter in A is to 
the quantity of matter in B, as the magnitude of 
the Body 4 to the magnitude of the Body B: 
And therefore, tho' neither the magnicudes nor 
denſities are equal, the ratio of the quantity of 
matter in 4 to the quantity of matter in B, is 
compounded of the direct ratio of the denſities 
and the direct ratio of the magnitudes of them. 
Wherefore the ratio of the denſity of the Body 4 
to the 28 the Body B, is compounded of 
the ratio of the quantity of matter in 4 to the 
quantity of matter in B, and the ratio of the mag- 
nitude of the Body B to the magnitude of the 
Body 4; that is, (in the ” 06-5 a8 caſe): the Den- 
ſity of the Sun is to the Denſity of a Planet in a 
ratio compounded of the ratio of the Quanticy of 
matter in the Sun to the Quantity of matter in the 
fad Planet, and the ratio of the Magnitude of . 
MES ics © ME TY ; C 
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Planet to the Magnitude of the Sun. But (by 
Prop.) the former of the compounding ratios 
is given, if the Planet have a Satellite,and (by Prop. 
46.) the latter is given ; therefore the ratio com- 
pounded of them is given, namely of the Denſity 
of the Sun to the Denſity of the Planet. 
COROLLARY. 

From hence, ex quo, the ratio of the Denſities of 
three of the Primary Planets is had, namely. Sa- 
turn, Jupiter and the Earth. The Denſities of the 
three others may be analogically derived from 
hence, No doubt the Divine Being, the Wiſe 
Creator of the World, has placed the Planets at 
different diſtances from the Sun, that each of 
them may enjoy a greater or leſs de of the 
Sun's hear, according to the degree of its Denſi- 
ty : For denſcr Matter requires a greater heat to 
perform its natural operations withal. But with- 
out doubt, ſome reſpect is had to the Magnitude 
of the Planet, ſince of like Bodies the leſſer, 
cæteris paribus, are heated ſtronger and more inti- 
mately ; becauſe in reſpect of their Bulk, they 


have a greater ſuperficies, and conſequently re- 
ceive more rays. J 


PROPOꝶSITION L. 
"= O correct the greater Axes of the Orbits of the 
Planets found before. | 

In Propoſition 24, the greater Axes of the Or- 
bits are taken in the ſubſeſquiplicate ratio of the 
periodic Time; that is, the Maſſes of the Pla- 
nets are abſtracted from, as ought to be done 
before they are determined, and the Planets are 
looked upon as points revolving in Ellipſes about 
the center of the Sun at reſt and placed in the 
Focus. But becauſe the actions of the Sun and 
Pla net are mutual, and a Planet is made by them 
to deſcribe an Ellipſe (by Prop, 58. Br, ) whofe 

RN 114 Focus 
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Focus is the common center of Gravity of its ſelf 
and the Sun, ſimilar to that which it would de- 
ſcribe (by Prop. 51. B. 1.) attracted by the ſamg 
Forces, about the Sun at reſt ; and Oy Prop. 54. 
B. x.) the greater Axe of the Ellipſe that any 
Planet deſcribes about the Sun, revolving at the 
ſame time about the common center of Gravity, 
is ſhown to be to the greater Axe of the Ellipſe 

that the ſame Planet would deſcribe about the 
Sun at reſt in the ſame periodic Time, in the 
ſubtriplicate ratio of the ſum of the Maſſes of 
the Sun and Planet to the Maſs of the Sun; there- 
fore the greater Axe of the Orbit of each Planet 
(found by Prop. 24.) is to be increaſed in the ſaid 
ſubtripligate ratio of the ſums of the Maſſes of the 
Sun and Planet to the Maſs of the Sun, that it 
may be correct. But (by Prop. 48.) the ratio be- 
tween the Maſſes of the Sun and Planets are gi- 
ven, and therefore the ratio is given, wherein the 
greater Axes (found by Prop. 24.) of the Orbits 
are to be increaſed, that they may be correct. 


 ProPosITLION II. 


To eftimate the Errors of the motion of the Planets 
about the Sun, ariſing from their Action upon 
one another. | 

If S repreſent the Syn, [ Fig.51.] ABCE and DE 
the Orbits of two of the Planets ; tis evident that 
while the nearer to the Sun is in 4, and the more 
remote in P, (namely when the Planets are tend; 
ing towards an Heſiocentric Conjunction,) the 
Pepper to the Sun will be a little accelerated, and 
the more diſtant retarded by the Attraction upon 
one another; and when they are arrived after the 
Conjunction to ſuch a ſituation as C and P , that 
the more diſtant one is accelerated, and the near- 
er is retarded ; and that near the Heliocentric 


Conjunctzon tbe Diſtance of the more 2 
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Planet from the Sun is leſſened, of the nearer is 
increaled. And ſince the Maſſes of the Sun and 
both the Planets (by Prop. 48.) are given, and the 
mutual Diſtances from the ſuperiors are alſo given, 
and that (by the preced. Prop.) correctly; the ra- 
tio of the Attraction of each towards the Sun to 
the Attraction towards the other will be given, 
and conſequently the ratio of the Error ariſing 
from the mutual Attraction to the effect of that 
Force, whereby each is retained in its proper Or- 
bit abput the Sun. 

But if all the Error is to be thrown upon the 
Planet that is more remote from the Sun, the Or- 
bit of the nearer remaining, this will be done al- 
moſt (by Prop. 58. B. 1.) by placing the Focus of 
the exterior Orbit in the common Center of 
Gravity of the Sun and of the interior. 

Theſe Errors are moſt ſenſible in Jupiter and 
Saturn, becauſe of the vaſt Maſſes of thoſe Planets, 

.SCHOLIUM. 

There are alſo ſome inequalities ariſing from 
the mutual Action of the Primary and their Sa- 
tellites : For (by Prop. 63. B. 1.) tis not the Cen- 
ter of the Primary, but the Center of Gravity 
of the Primary and the Satellites, that deſcribes 
the Elliptic Orbit about the Sun. But becauſe 
theſe things depend upon the Quantities of Mat- 
ter in theſe Secondaries, the method of determi- 
ning which praperly belongs: to the following 
Book, we ſhall at preſent ſay nothing of them. 
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S Sxcr1ioyn VIII. 
Of the Figure of the Sun and Planets, 
© ProrosrTION III. 


To determine the Figure of the Earth 3 that is, the 
1 , ratio that its Axe haz to the Diamgters that are 
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In the firſt Book, at Prop. 31, we ſhewed in 
neral, from the — that the Sun ad 
Planets are of a Figure depreſſed towards the 
Poles, but elevated towards the Circle, that lies 
exactly between the Poles, approaching that of 
an oblate Spheroid, Now we come to determine 
this Figure by obſervations. And firſt the Figure 
of the Earth is to be defined. 
Let the Figure APE, [Fig. 52.] whoſe Center is 
C, repreſent the Earth; Pp its Axis, AE any Dia- 
meter of the Equator, perpendicular to the. Axe, 
Let the lengths of Pendulums oſcillating in a Cy- 
cloid, in a given ſpace of time, in the Place; 
Anand P; and AC, PC will be reciprocally as the 
faid lengths of the Pendulums, and therefore in 
a known ratio. Let the ſame be done in any in- 
termediate Place B, whoſe Latitude (viz. the 
angle ACR) is known, (by Prop. 18. B. 2;) and 
AC, BC will be reciprocally as the lengths of the 
Pendulums oſcillating in an _ — of Time 
therefore in a given 


In thoſe Places A and B, and 

ratio. 

- For imagine a Canal filled with a Fluid and 
bent from A to C, and from thence to P. From 
the reſt of the Fluid tis evident that the Fluid 
in the Leg of the Canal AC is in equilibrio with 
the Fluid in the Leg PC, the centrifugal Force 
'arifing from the motion about the Earth's Axis, 
and the greater diſtance from the Earth's Center 
raiſing and retaining the Fluid in the Leg C 4, at 
a greater height than in the Leg CP. Wherefore 
any portion of the Fluid in CA, is in equilibrio (or 


equally heavy) with the like der poſited por- 
tion of the Fluid in the Leg CP, (which conſe- 
quently is alſo true of any homogeneous Bodies, 
tho they be not Fluid;) and the upper points 4 
and P are fimilarly poſited in the Legs: And 
therefore homogeneous Bodies placed in 4 and B 
CCC ²˙¹ 1m A which 
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which are as AC, PC are equiponderant towards 
the Center of the Earth. But the Gravity of 4 
Body placed in A, which is as PC, is to the Gra- 
yity of another homogeneous Body 2 
there, that is, as AC, as PC to AC, (namely the 
weights of homogeneous Bodies placed near one 
another, are as the Bodies themſelves ;) and there, 
fore the Gravities of homogeneous equal Bodies 
placed in A and P are as PC and AC; that is, 
recip as the diſtances from the Center, 
Juſt after the fame manner the Gravity of the 
Body in B may be ſhewn to be to the Gravity 
of an equal and homogeneous Body in P, as CP 


to CB; for the Fluid will continue at reſt in the 


Canal BCP, as in the former 40 P: Wherefore 
ex equo, the abfolute Gravities of equal and ho- 
mogeneous Bodies any where on the Sur- 
face of the Earth are reciprocally as the Diſtan- 
ces from the Center. But the accelerative Gra- 
vity of a Body is as its abſolute Gravity applied 
to its Maſs. And therefore the accelerative Gra- 
vities of Bodies placed on the Surface of the 
Earth are as the diſtances of the Places from the 
Center reciprocally. Moreover, becauſe the o- 
ſcillation of a pendulous Bod * at A, and 
moved in a Cycloid, is ſuppoſed (by n 
to be performed in the ſame ſpace of time with 
the oſcillation of another at P; and (by Prop. 25. 
Part 2. of Hugenius's Horologium Oſcillatorium) the 
time of a free deſcent ou 2 given axe of a Cy- 
tio hos a given ee the time of Oſcillation 
in that Cycloid; an Prop. 6. and 7. Part 3. 
the ſaid Book) the axis of — Cycloid, which 4 
heavy Pendulum deſcribes, has a given ratio to 
the'length of the String ſuſpending the weight; 
and conſequently the time of a free deſcent along 
the given axis of the Cycloid, has alſo a given 
ratio to the time af a free deſcent along the 


length 
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length of the ſtring, namely, the ſubduplicate 
of the former: The time of a free deſcent along 
the length of a Pendulum placed at 4, will be 
equal to the time of a free deſcent along the 
length of a Pendulum placed at P. But the ſpa- 
ces at A and P, run in equal times by a falling B 
dy, are as the accelerative Grayitzes in the ſaid 
Places A and P, wiz. the effect are as their cauſes; 
and the ſaid accelerative (Gravities have already 
been ſhewn to be reciprocally as the diſtances 
from the Center ; and therefore the length of a 
Pendulum oſcillating at 4, is to the length of a 
Pendulum oſcillating at P in an equal ſpace of 
time as CP to CA. And after the ok manner 
may it be ſhewn, that the length of a Pendulum 
at B is to the length of a Pendulumat P oſcilla- 
ting in an equal ſpace of time as CP to CB: Where- 
ore, ex £quo, univerſally the lengths of Pendu- 
lums oſcillating in equal Times are reciprocally 
as the diſtances of the Places from the Center of 
the Earth. Since therefore the ratio of AC to any 
BC and the inclination of the ſaid BC to AC, 
and (among the reſt) the ratio of AC to PC, are 
found ; the nature of the Figure APEp is de- 
fined, namely, of the Section of the Earth with 
the plane of the Meridian, by whoſe rotation a- 
bout the Axis Pp, the Figure of the Earth is ge- 
nerated. 9.E, F. 
If the Figure of the Earth were to be deter- 
mined after the manner above deſcribed, there 
would be no need of meaſuring the length of a 
Pendulum ofcillating at the Pole P, in a given 
ſpace of time: For by obſerving ſeveral ſuch 
lengths in different Latitudes, the length of 
Pendulum oſcillating at the Pole in the ſai 
ſpace of time, may ſafely be concluded upon 
Again, in ſolving this Problem, there wil 


be no need of fitting a Pendulum after ſuch 
9 


— — — am — ꝙ— — — ww 


a manner in different places, as to make it per- 
form its oſcillations in the ſame ſpace of time: It 
will be ſufficient to carry ingo the other places a 
Pendulum fitted to one place, fo as that its ſeve- q 
ral ſingle oſcillations may anſwer a given ſpace of þ 
time, and mark how much a Clock, that has the 4 
ſaid Pendulum for its Ballance, is ſwifter or ſlower | 
during one apparent revolution of a Fix'd Star to q 
the ſame place, according as the places, into 
which it is carried, are nearer the Equator or | 
Pole, than that place is to which the Movement is 
adjuſted, and from that acceleration or retarda- 
tion it may be found by calculation, what length 
is neceſſary to make the ſingle oſcillations to be 7 
performed in the ſame ſpace of time, as they are 
in the place to which the Pendulum was firſt ad- 


juſted. 
COROLLARY. 
Hence it follows, (the ſame things remaining) 


if a Circle be deſcribed upon the interval CA or CE 
Fig. 53. Jand the line CB drawn any how be pro- 
uced to D, that DB is as the increment of the ac- 
celerative Gravity in the receſs from the Equator 
towards either Pole, or as the increment above 
the length of the Pendulum oſcillating at the E- 


— 
1 — 


. EE CE.” 2 


quator in the given time, agreeable to the place 
B. For it has been ſhewn above, that if 4 C re- 
preſent the gravity or length of a Pendulum at 
the Pole, CP will repreſent the.increment of the 
gravity or length of the ſaid Pendulum oſcillating 
in an equal time at the Equator ; and therefore 
(producing Pp to Fand G) P will repreſent the 

increment of the gravity or of the length of the 
ſaid Pendulum at the Pole P. In like manner, if 
CB repreſent the gravity or length of the Pendu- 
lum at 4, AC (that is, DC) will expreſs the gravi- 
ty or length of the Pendulum at B; and conſe- 
quently DB the excels or increment of the gra- 
yvny 
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vity or length of the Pendulum at B, above the 
| - gravity or length of the Pendulum ofcillating in 

| the ſame time at A. | 
If APE p, the ſection of the Earth with the 

plane of the Meridian be an Ellipſe, the incre- 

ments of the gravity or of the length of the 

| Pendnlum in the different places of the Surface of 

| the Earth, above the gravities or length of the 

| Pendulum at the Equator, will be very nearly in 

| the duplicate ratio of the right Sines of the La- 

titudes of thoſe Places. Thro' D draw DM pa- 

tallel to the Axe Pp, meeting the Ellipſe in L. 

and the right line AE in the point M, from whence 

let fall the perpendicular MK upon CD; take 

DH equal to PF, wherefore C H is equal to CP, 
and join LH: Becauſe APE is an Ellipſe, (by 

Prop. 31. B. 1. El. Conic.) C Pd is to L d as the 
teckangie under AC and CE is to the rectangle 
under AM and A E: And, by the fame, in the 
Circle 4 FE, C Fa is to ADA as the rectangle 
under AC and CE to the rectangle under 4 M and 
ME; and therefore C F4 will be to AD as C Pd to 
LA. Whe refore CF is to MD as C to ML; and 
therefore (by Prop. 19. El. 3.) PF is to LD as C to 
LM; that is, HD is to LD as CH to ML; and 
therefore (by Prop. 2. El. 6.) L H is parallel to CM 
and conſequently the Triangle LDH is fimilar to 
theTriangle MDC, and ſimilarly poſited. But from 
the right angle M of the Triangle CM D the righe 
line MK is drawn perpendicular to the Hypo- 
7 DC, which alſo is very nearly done 
the Triangle HLD, the particle LB of 
he curve of the Ellipſe being almoſt a right 
and perpendicular to C D, becaufe. the El- 
APE p does not differ much from the Cir- 
AFEG: Wherefore CD is ſimilarly divided 
X, as H is divided in B; that is, HD is to 
Jas CD to DK, or PF to BDasCD to DK. 
Again; 


— . —_ 
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Again, becauſe of the rightangled Triangle C MD 
divided by the right line MAR perpendicular to 
CD, (by we 8. Elem. 6.) CD, DM, DK will be 
proportional, or the ratio of CD to DK the du- 
plicate of the ratio of CD to D; that is, of the 
ratio of C F to MD. But it has already beet 
ſhewn, that P.F is to BD as CD to DK; and 
there fore PF is to BD in the duplicate ratio of 
CF to MD: But CF is the whole Sine, and MD 
the right Sine of the angle 4 C B, namely of the 
Latitude of the place B; and PF, B D, are the 
increments of the gravity or length of the Pen- 
dulum oſcillating in the given time, agreeable to 
the Places P and B, above the gravity or length 
of the Pendulum at the Equator : And there foro 
ſuppoſing APE p an Ellipſe, the increment of the 
gravity or length of the Pendulum at the Pole, a- 
bove the gravity or length of the Pendulum at the 
Equator, is to the like incrementinany other Place 
B of the ſurface of the Earth, very nearly in the 
duplicate ratio of the Radius to the right Sine of 
the Latitude of the faid place B. And the ſame 
may be ſhewn in any other place on the ſurface 
of the Earth: And therefore, ex que, if APEp 
be an Ellipſe, the increments of the gravity or of 
the length of the Pendulum in different places of 
the ſurface of the Earth, above the gravity or 
length of a Pendulum ofcillating the like Time at 
the Equacor, in the duplicate ratio of the right 
Sines of the Latitude of thoſe places verynearly. 


— 95 SC HOLI UVM. 

- Alltheſe Premiſes are true, ſuppoſing the Earth 
to conſiſt of uniform and equally denſe matter; 
For we fuppoſed the Fluid, wherewith the Canals 
ACP, BCP are filled, to be uniform and homo- ; 
geneous. But if the matter whereof the Earth con- = 
fifts, be denſer at the Center than towards the 
tid ol 

* 
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diſtances from the Center going from the Poles 
towards the Equator, and the proportional incre- 
mengs of Gravity and of the length of the Pendu- 
lum oſcillating in the given Time going from the 
Equator towards the Poles, will be greater than 
the Calculus upon the former ſuppoſition makes 
them; and the Axis of the Earth will be leſs in 
reſpect of the Diameters perpendicular totheſame. 
For if this macter towards the Center, by which 
the Earth is denſer there, be imagined to be re- 
moved, or rather be looked upon ſeparately, that 
the remaining matter may be every where equal- 
ly denſe ; from what precedes 'tis evident, that the 
accelerative Gravity in different places of the ſur- 
face of thisequally denſe Earth, is reciprocally pro- 
rtional to the diſtance from the Center. But the 
id accelerative Gravity is ſtill increaſed, hy reaſon 
of that redundant matter about the Center; and 
that (as is ſhewn in Book x.) nearly in the duplicate 
reciprocal ratio of the Diſtance from the Center; 
Since therefore in the caſe of the uniformly denſe 
Earth its ſuperficies is elevated towards the Equa- 
tor and depreſſed towards the Poles ; and the 
Gravity at the Equator leſs than at the Pole in 
the ratio of the diſtance of the Pole from the Cen- 
ter to the ſemidiameter of the Equator; and further 
the gravity at the Equator to the aforeſaid redun- 
dant matter about the Center ſhould be leſs than 
at the Pole, in a duplicate ratio of the diſtance of 
the Pole from the Center to the ſemidiameter of 
the Equator, which is leſs than the former ſimple 
ratio, ſince that ratio is a ratio of leſſer inequa- 
lity ; and therefore from both cauſes together, 
or in the caſe of the Earth's being denſer toward 
the Center, the Gravity art the Center compoun- 
ded of the two former, is leſs than the Gravity at 
the Pole in a ratio leſs than that is which the 

diſtangg 
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diftanee of the Pole from the Center has to the 
ſamidiameter of the Equator, And therefore 
from this leffer Gravity at the Equator in reſpect 
of that which holds at the Poles, the Earth will be 
more elevated at the Equator, than what it 
would be from what goes before. And the fame 
holds in the length of the Pendulum oſcillating 
in a given ſpace of time; becauſe it is ſnen above 
to be proportional to the accelerative Gravity. 


PrxoPosItion IIII. 
T O determine the ratio that the Axis of the Sung 
1 or of a given Planet, has to the Diameters per- 
pendicular to it. | I 
.*-Find by Prop. 26. B. x. the ratio of the ceũtri- 
fugal Force in the Circle that is in the middle 
between the Poles of the Sun or of the given Pla- 
net to the centrifugal Force in the Equator of the 
Earth: But the ratio between the centrifugal 
Force in theEquator of theEarth to theGravity on 
the Surface of the Earth is given, viz. the fame 
with the ratio found above, that the exceſs ofthe 
Diameter of the Earth along the Equator has to 
the Axis of the fame ; and by Schol. Prop. 48. the 
ratio of the Gravity on the ſurface of the Earth 
to the Gravity on the ſurface of the Sun or of 
the given Planer is given : And therefore the ra- 
tio compounded of theſe will be given, namely 
the ratio that thee centrifugal Force in the middle 
Circle, between the Poles of the Sun or of the 
given Planet, has to the Gravity on the ſurface 
of the ſame. And this is the fame with that which 
the exceſs of the Diameter of the Equator of the 
Sun or of the given Planet above the Axe of the 
fame to the faid Axe, ſince (by preeed. Prop.) that 
exceſs ariſes only from that centrifugal Force, 
and conſequently is is - to c: T 1 * 
K ote 
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fore (by Dar. 6.) the ratio berween the Axes of 


the Sun or of a given Planet and its Diameter 
perpendicular to the Axe will be giren. 28 


5 4 : * 


Of the Diſtances of the Fix d Stars. 


PROPOSITION LIV. | Is 
* O determine the Diſt ance of a Fix'd Star by Ob- 


ſervation. | 

Having determined the Diſtance and Magni- 
tude of the Sun and Primary Planets, what re- 
mains is only to diſcourſe a little of the Diſtance 
of the Fix'd Stars. And tho' the Diſtance of the 
Fix'd Stars be ſo immenſely great in compariſon 
of the Diameter of the Earth, that the latter in- 
tirely vaniſhes and becomes inſenſible; and there- 
fore all the ways laid down in this and the pre- 
ceding Book for finding the Parallax of any Phæ- 
nomenon, and confequently the Diſtance, are 
uſeleſs in this matter: Yet the Diameter of the 
Orbit that the Earth deſcribes in the fpace of a 
Year about the Sun, may ſeem big enough to be 
compared even with the Diftance of the Fix d 
Stars; and ſince we, who are carried onthe Earth, 
poſſeſs ſometimes this, ſometimes that extremity 
of the Diameter of the ſaid Orbit, there dught to 
ariſe a very ſenſible Parallax of che Fix'd Stars 
from ſo ſenſible a removal of the Obſerver. 
The Obſervation may be made very commodi- 
_ after the following or fome fuck like me- 
thod. „ >. Bal 7 

Let S [ Fig. 54. ] re 
the Orbis 3 464 C 


reſent the Sun, 4 MB 
two Stars C and F near 
one 
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ane another, ſiruated not far from the Ecliptic. Ob- 
ſerve their Diſtance, when one, as C, is in oppoſi- 
tion to the Sun vit. the angle FAC. Obſerve theit 
Diftance again,when C is in conjunction with the 
Sun, namely the angle FBC. Therefore in the 
angle FAB all the angles being given, the racks 
the ſides is given, hameèly of Ea che Diſtance of the 


Fix d Star from 4to A the Diameter of the Obi 


Magnus known by P ; therefore AF is deter- 
mined: After rel ha 2 the Diſtance of a Fix d 
Star may be found, if the fecond obſervation of 
the apparent Diſtance-of the Fix'd Star be made, 
when C is not in conjunction with thie Sun, (which 
2 would be difficult, by reaſon of the Sun 
igheneſt,) but in any othet known ſituation. f 
the Earth, as when it is in A: For the right li 
AM, and its ratio to the known one AB, 
known the above cited Prop. 47. Fo 
Having once determined the Diſtance of a Fix'd 
Sear, its Magnitude will be defined by the method 
laid down in Prop. 46, provided: the apparent Pi- 
ameter of the Fix'd Star be ſenſible. 
SCHOLTU M. 
" Becauſe the 'Obfervarions deſcribed above, or 
others nue them neceffary to determine the Di- 
ſtance of the Fix dStars, are ſo flip and require 
fo much nicety,- that Artiſts dare not promife 
they ſhall chain it by thoſe means ; yet they think 
they have done” — ve confiderable, if 
they can ſhow by rvation t there is a Pa- 
rallax of the Fd ons reſpect to the Orbis 
Magn: For by this means 17 E cane put the 
Motion of the Earth out of all doubt which all 
acknowledge to be a matter worth their while to 
do. But this may bg done pretty well by the fol- 
lowing method. 
The ocher things tetmaining, let the two Fix'd 


dan Fand C C 55. TE. ſuppoſed not to be * 
| ths 
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the Ecliptic. Let a Plane drawn thro' them andthe 
Sun cut the Orbit of the Earth in A and B, which 
Points will be given exactly enough for the pur- 
ſe, by what has been ſaid in the preced. Book. 
Fo the angles CAF, CBF(or the apparent Di- 
ſtances of the Fix d Stars Fand C, ſeen from the 
Earth, when ſhe was in A and B,) be obſcrved; 
which will be eq way enough different from 
one another, if 4 B be ſenſible in regard of AC, 
and the Stars C and F very unequally diſtant from 
the Sun, which ſeems probable to hold in Stars of 
a different Magnitude. Perhaps if inftead of the 
two Stars Cand F, two, ſuch as C and D, be ob- 
ſerved, D will be ſeen from A to be on this fide of 
C, from B on that fide, (which may happen in 
ſo great a multitude. of Fin d Stars) or it may 
be, theſe two Stars will appear to coincide at one 
time of the Year, and to be ſenſibly diſtant from 
one another at another time of the Year: In 
which caſe the Annual motion of the Earth about 
the Sun will be evident by the bare uf: of a Te- 
leſcope, without any Inſtrument neceſſary. to 
take the diſtance of the Stars,. 
The above mentioned method of obſerving, be- 
ſides that ic is capable of receiving all the improve- 
ment, that any Inſtruments have or will receive, 
is hardly any ways chargable, ſince there needs 
only a Teleſcope with a Micrometer, there is no 
need of erecting an Obſervtaory nor of rectifyinga 
Perpendicular, all which are very uncertain, ſince 
It is not abſolutely certain that either Walls tho 
the firmeſt, or Rocks or Mountains themſelves 
always retain the ſame ſituation. To this head 
we may refer perhaps what that celebrated Aſtro- 
nomer Mr. Caffni has diſcovered about the Fix'd 
Stars ; namely that the Firſt of Aries ſometimes 
appears ſplit into two equal ones, and diſtant by 
the lengek of cheDiamgree of hor from ono ano> 
11 5 ther, 
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ther, which he has alſo obſerved of the prece- 
ding Head of Gemini; and ſome others, as 
ſome of the Pleiades ; and the-middle in Oriog's 
Belt, appear to be three, nay, four ſometimes. 


PROPOSITION LV. La 
O obſerve the Parallax of the Orbis Magnus, by 


[ the acceſs and receſs of 4 Fx d Star to or from 
the Pole of the or made in different Seaſons of the 
Year. [Fig. 56. | 
Let $ repreſent the Sun; H E the Orbit of 
the Earth, whoſe points E and H are the places 
of the Earth in the Solſtices. Further let F be a 
Fix'd Star near the Pole of the World, that is, let 
AB ͤ the Axis of the Earth ATB contain with a 
a right line connecting the Earth and the Fix'd 
Star an angle B HF or BE F pretty ſmall ; and 
let this Star be not far from a Solſticial Colure, 
and therefore in conjunction almoſt with the Sun 
nin the other. Solſtice, or let the Plane EFH be 
kerne to HME the plane of the Ecliptic. 
"Tis evident that the angle B H the diſtance of 
the Fix'd Star from the Pole of the World, when 
the Star is in gppoſition to the Sun, is leſs than the 
angle BE F.the diſtance of the ſame from the 
Pole, when the Fix'd Star is in conjunction with 
the Sun. And conyerſely, if the angle B HF be 
found leſ by obſeryation than BE E, this ine qua 
lity myſt be thrown upon the Parallax of the An- 
nual Orbit, And the Diſtance of the Fix d Star 
js gained after this manner: The difference of the 
angles BEE B HF is equal to the angle F; and 
in the Triangle FE H the other angle FE H is 
given, namely the Latitude of the Fix d Star at 
the Time, when the Earth is at E: From whence 
the ratio between HE the Diameter of the Orbis 
Magnus, and HF the Diſtance of the Fix d Star 


vill be known. SL 1 
„ "0g $CHO- 


5 Tie n ** 


$CHO L IU A. 


Thiſe method bf fucking by Gen des the pa- 
rallax of theonis — moſt induſtci ub. 
ſerver Mr. phate makes uſe of, ad fo an- 
ſwers the o re Fa ſuch, as with Ricci. las, deny 
the motion of the Earth about the Sun, becauſe ic is 
conficthied by the obſervmion of à Parallax of the 
Orbis Magine, he found the Piſtanee of the 
Pole Star from the North Pole to be greater about 
the Summer pies than about the 'Winter one, 
Jecsnids, and that by x —4 
vations for en Yes, 4 
th precio of ihe THittuthrent, aid 
Ne epi gtarð place on che account of 
the rec d et he pd ne potnts: as Mr. 
Jewel fearnedty dfſcburſes in à Letter to Dr. 
Ii, dated Orrehbb. 20, 1698. 


Ifhed in 3 V 
of Walks; Mut bent. Nite. kt this method ; A of 
determ̃ ing che Puraix of a Nx Star, ſuppoſes 


the Axis of the Earth 4 B 
rallel n the 
and H of itz Ordi ads tions are 
made. And tho 3 of 'the Axis 
which arifes fr5th the Hiiniinittioni of the Inclina- 
tion of the Eckptic and Ec N * Solftices, 


11 8 


and 8 — 4 Ae f . Nor Phi 20. 
Prop. 66. B. ewton's Mirth. Prin ilo 
4 does not uf or Hffider this obfery 9 8 


Flats obſerves in cht faid Epfſthe; = Jha 
Nutatiohaxiſi 800 er cauſe may, produce 
altthisdiverieyin thediffahce of the Poe: Star from 
the Pole: Namely, if the denſity of the Southern 
Hemiſphere of the Parth be a little greater than 
that of the Northern, {either becauſe of the leſſer 
Heat there and ter Cold hete, or becauſe of 
the inequalities $f the Cominents of the Each 
— About the Poles, or ſome other cauſt Ini 


known to us,) for then inge in * 
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the South Pole 4 is inclined toward to the Sun, 
and at the dame time is nearer to it than the North 
Pole B, when in the time of the Summer Solſtice 
the latter is inclined towards the Sun, HA will 
be more inclined to the plane of the Ecliptic in 
the Winter time than E A in the Summer time; 
an which account 5 H will be leſs than BE F, 
tho' the right lines HF, EF. ſhould be parallel. 
Since therefore all that can be made out of Mr. 
ed's oblervation is, that the angle BH 
is Jeſs chan the a BE; and this may ariſe 
from a double cauſe, namely from the concourſe 
of the right lines HF, E F towards F, if the Axis 
of the Earth in one obſervation be parallel to the 
ſame in the other (which is —＋ be the 
caſe by Mr. Flamſtead, and expreſſed by the Fig. 
6.) or fromthe concourſe of the lines right HA, 
K A towards G the quite contrary way to FE, 
tight lines HF, E F being ſuppoſed to be paral- 
lel, as in the Figure 57 ; from this obſervation 
the Parallax of the Eix'd Stars is not evinced, be- 
cauſe the obſervation may ſtand intire though 
the right lines E F, HF remain parallel; that is, 
tho the Parallax of the Orbis Magnus be nothing. 
Nay, this obſervation does not immediately 
prove even the Annnal Motion of the Earth: For 
tho the Earth be in the middle (revolving about 
its Axe, as in the Semi- Tycbenic Syſtem, [ Eig. 5 8. Jand 
ſo make the apparent Diurnal Revolution of the 
Celeſtial Bodies ;) the Sun in the Southern Signs 
may then attract the Southern Hemiſphere oftthe 
Earth turned to it, being nearer and perhaps den- 
fer, ſo as to make the angle H, the diſtance of the 
Fix d Star from the Pole, leſs than BEF, when the 
Sun in the Northern Signs being more diſtant, at- 
tracts che Northern Hemiſphere leſs, which alſo 
perhaps is leſs denſe. _ 0 y 
Th ſame likewiſe may be ſaid of the different 
J Diſtance 


V 
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Diſtance of a Fix'd Star from the Zenith, which 
is the way Dr. Hook formerly fought after the Pa, 
rallax of the Fix'd Stars. For if the direction of 
the Axis of the Earth be changed, the direction of 
any other right line in the Earth {whoſe poſition 
to the Axe is given) will likewiſe be changed: 
And the motion of the Earth about the Sun, can't 
be certainly concluded, from the various inclina- 
tion of a right line connecting the Fix d Star and 
the Earth to that right line in the Earth. It were 

therefore to be wiſhed, that our exact Obſervers 
would for the future e their obſervations 
for proving the Annual Motion of the Earth after 
this manner, according to the prec. Prop. or its Schol. 
For ſo at laſt the Parallax of the Fix'd Stars in re- 
gard of the Orbis Magnus will with any certainty be 
found(if it be ſenſible, ) ſince the change of thoſe an- 
gles can't ariſe from any other cauſe, but the change 
of the Earth's place or of the ſituation of the Fix d 
Stars among themſelves; but the identity of the 
ſituation of the Fix'd' Stars in regard of one ano- 
cher is taken as a principle by all ſuch as endeavor 
to find their Parallax. In the mean while the rea- 
ſons laid down in the following Propoſition in- 
cline me to believe with Copernicus, that the Dia- 
meter of the Orbis Magnus in regard of the Fix d 
Stars (even the neareſt) is t 


PROPOSITION, LVI. Ry 

HE Diſtance of the Sun from the Earth in re- 
He of the Diftanie of 4 Fix'd Star (even the 
neareſt) from the Earth, vaniſhes almoſt and is inſenſible. 
Since the Sun and Fix d Stars are the only 
pou Bodies of the Univerſe that have any native 
light, they are juſtly eſteemed by Philoſophers 
to be of the ſame Kind, and defgned for the 
ſame uſes; and tis the effect of a Man's temper, 
that ſets a greater value upon his ownthings 10 
5 * ©" Se Soba 
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he ought, that makes him judge the Sun to be the 
i el of chem all. Let them therefore be ſup. 
poſed equal, ſince that the one exceeds the other 
has no ground or foundation to ſtand upon. 
Let T be the Earth, [Fg. 59.] AE B the Sun 
whoſe Center is S; CGD a Fix d Star equal to the 
Sun,whoſe Center is F. Since the angle BT'S, that 
the ſemidiameter of the Sun ſeen from the Earth 
appears under, exceeds 16 Minutes, then will BS 
or C F equal to it, be almoſt the two hundredth 
br - 149 gp to TS. 
the Triangle FST rightangled at S, the Sine 
of the angie S FT is to the ſide S T as the radius 
to the ſide C Z, equal to F7; From whence (by 
Prop. 11. Elem. 5.) the Sine of S FT is to ST as 
the Sine of the angle CTF to CF. And ſince, in 


theſe ſmalP angles, the angles themſelves are as 


their Sines, the a SFT will be to the angle 
C TFas the right line ST to CF; and therefore 
200 CTF is equal to S F, or 100CTD to TFS. 


But that moſt acute Obſerver Chriſtian Hugens (in 
bis Syſtem of Saturn) affirms, that he, ed by 


a a Teleſcope, (by the help of which the diameter 
of an obje& was magnified anhundred times)could 


not obſerve any magnitude in the Diameters of the, 


Fix d Stars tho the brighteſt, but that they ap- 
peared like a point; that is, the angle D JC made 
an hundred times bigger, was ſtill inſenſible; or an 
hundred times CT D (that is, S FT) could not be 
taken notice of by Senſe. Therefore the Semidi- 
ameter of the Orbis Magnus S T ſeen from the nea- 
reſt Fix d Star (ſuch 3s we are to ſuppoſe the 
brighteſt to be) would appear like the ſmalleſt 
Point; that is, T'S in reſpe& of S For TF va- 
niſhes and is inſenſible. | 

This ſmallneſs of the 22 Diameters of the 
Fix'd Stars is the cauſe o 


the ſmalleſt opake gorpulcles, which are 


always 
moving 


their Twinkling: For 


. 


* Fug 2 — — _ 
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moving in the Atmoſphere, intirely cover any 
Fix'd Star, and then immediately uncover it, an 
x, make it Twinkle. 
SCHOLIUM. 

Becauſe $7 compared with $F bebte fr 
no matter in what point of the ——＋ 
Fix d Scars be oblerred; for the whole Orbis Mag- 
mes is but as 2. in reſpect of the Diſtance of 
— Stars: And ſince Saturn the outmoſt of the 

lanets, is not ahove ten times farther off from the 
Sun chan the Earth, there will be immenſe 
berween chis onemoſt Planet and the neareſt 
Fix d Stars eo the Sun, into which the very ex- 
centric Orbits of the Comets * run, ofwhach 
we have treated in Prop. 35. B. 1. And tis on 
the account of this immenſe Diſtance, that the 
Fix'd Stars have no ſenſible effects upon our Solar 
2 dont diſturb the Planets contain d 


. 2x! therefore the Diſtance of the Fix'd Start 
can't be determined by obſervations made in dif- 
ferent places of the'Earth's Orbit, it remains that 
we ſhow how to meaſure it ſome Optical Me- 
thods: Two of which we one by 
Fame publiſh'd in the year 1668, the 

r by Mir. eus in his Coſmo-Theeria. Rt 


pee n LVII. Len. 5 


. iluminationi -the ſame 8 in different 
! diff -nces from 1 ere reciprocally 
as the Su ret of the Aber | 


"Tho't is Propoſition on be an 1 8 of 
Prop. 48. B. 1. yet E ſpalf take the pains to demon- 
ſtrate ĩt here. Let A N.. e any point of lucid 
Body taken at pleaſure ; and let B C be the diame- 
ter -of the Sphere chat is illuminated, directly 

ſed to the Rays, at a ſmaller” diſtance from 


the 9 i BY the ſame diameter at eater 
diſtance : 
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diſtance; that is, let AE, a ray reaching to rhe 
Center E be perpendicular ta Bc, and 4+ to 92: 
Join AB, AC, and being ptöduced let them meet 
57, alſo produced, in D and . On the Center 4, 
at the diſtance 4 D or AF, deſcribe an arc of 2 
Circle D E, which let 4, As and 4 y produced, 
meet in H, G and K; and ler this Figure be 'ima- 

ned to revolve about the axe AG. Tis evident 


diameter is BC, upon the removal of it, will 
ſpread upon tie Sphere” whoſe diameter is D Fg 
And therefore the illuminarion of the Sphere, 
whoſe diameter is B C, is to the illamination of 
the Sphere, whoſe diametet is f, as all the rays, 
contained within. 'the Sector of the Sphere gene- 
rated by the rotation of A DG, to all the rays 
contained within the Sector of a Sphere gene- 
rated by the rotation of A HG ; that is, as the Sur- 
Kice of a Sphere generated by the rotation of the 
arc DG, to the Surface of a Sphere generated by 
the rotation of the arc GH; that is, (by Prop. 49. 


B. I. Archimed. of the Spb. and\Cylind.) as the Cir- 


dle whoſe radius s.P G, to à Circle whoſe radius 
is HG, or as the Square of DG'to the Square of HE. 
Bur in final! angles, ich as we ſuppoſe DAG ang 
HAG to Det is to HG vey weydy as DI to g: 
Andrherefort the illumination of a Sphere, whoſe 

enter is in E, is to che illumination of the ſame 
r arr e wiſh Center js in :, in the du- 
icate ratio 55 E, or De to BE, or As to AE; 
At is, reci My as the Square of the diſtances. 
And ſince t pe, for the fame reaſons, is true of 
any other point of a lucid Body, as well as of 4, 
what was propoſed becomes evident, : 
And after the like manner, the illuminations of 
the ſame Sphere made by equal lucid Bodies at 
unequal diſtances, are reciprocally as the Squares 
of the diſtances from thoſe lucid Bodies. 


PRO- 


— 


t all che Rays falling upon! che Sphere, whoſe 


— —— — A Ay On "=> 
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PrxoposITION LVIII. Lena. 
LL the Rays of the Sum falling upon one Planet 
are to all the Rex: of the Sun fling aw. — 
Planet, as the Squaregof the Chords 5 te 

Parallaxes of ar; 52 0 422 thoſeP [Figs] 
Let S repreſent any radiating point of the Sun; 
and the Spheres 4 B, CD, whoſe centers are T and 
P, any two Planets. Join $7, $P, leta plang 
drawn thro them cut the Spheres in the Circles 
AB, CD; and from & draw Tangents to the ſaid 
Circles. U pon the Center S, at any diſtance, 
draw an arc of a Circle meeting the right lines 
SA, SZ, SB, Sc, SP and SP in F, E, L, H, & and 
R; join the right lines EF, GH. Let the Figure 
AF F ET be imagined to "revolve about its Axis 
ST, and CHSGP about 2 Axis SP. All the 
Rays flowing from the t fall upon the 
Planet A all within the Sanz ASB) eilt be 
to all the Rays falling upon the Planet P (namely 
all in the Cone CSD) as the Superficies of a Sphere 
deſcribed by the rotation of the arc E F, to the 
Superficies of a Sphere deſcribed by the rotation 
of the arc & H; that is, (by Prop. 49. B. 1. of 
Archimedes the Spbær. and Cyl.) as a Circle 
deſcribed upon the radius E F to a Circle deſcri- 
— upon the radius GH, or as the Squares of the 
t lines E F, GH: But E Fand G Fare Chords 
the angles AST, CSP to the radius SE, and 

te faid angles ate the horizontal Parallaxes o 
the Sun 5, ſeen from the Planets Tand P; an 
therefore all the Rays 2 from the up S 

and falling upon the Planet 7, are to all 

upon P, as the Square of the Chord of de 8 Sun 5 
Parallax ſeen from T, to the Square of the Chord 
of the Sun's Parallax ſeen from P. And fince the 
fame is in like manner true ofRays flowing from 


any other point of the Sun, the Propoſition 15 
evident. i In. 
ane” 


we 


— — —— — — des —— — „ 
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-- Inſtead of the Chords the Arcs themſelves, or 
the Angles proportional to them, and ſubtended 
by them, may be taken, as in the preced. Prop. 
rin | SCHOLIUM. | 
After the like manner, all the rays of a lucid 
and every way radiating Sphete, afe to all its 
rays that fall upon a given Sphere and illumi- 
nate it, in the duplicate ratio of theDiameter (or 
Chord of the Semicircle) to the Chord of the 
horizontal Parallax of the lucid Body, ſeen from 
the illuminated Body; or as the Square of the 
Diameter to the Square of the Chord of the ſaid 
horizontal Parallax. And ln tak- 
ing the halves of the antecedents,) the half of all 
the Rays of the lucid Sphere, or all the Rays 
flowing from a radiating Hemiſphere (ſuppoſing 
the other Hemiſphere opake) are to all its Rays 
falling upon the Sphere to be illuminated, ro 
which it ap full, as the half of the Square of 
the diameter (that is, the Square inſcribed in z 
Circle) to the Square of the Chord of the Pa- 
rallax of the lucid Body, ſeen from the Sphere to 
be illuminated. + | 
Poros tfriox LIX. Lemma. | 
TJ" HE rap the illumination of the Earth by the 
* Mw #d the r ys Ts ſhining at 
e full, is compounded of the duplicate ratio of rhe 
Chords of the Parallaxes of the Sew bes from the 4 
and that Planet, and the ratio of a Square inſcribed in 
4 Circle. to the e of the Chord of the horizomtab 
Parallax of the {aid Planet ſeen. from the Earth. 
The Rays, wich which the Planer illuminates the 
Earth, are ſuch as flowing originally from the Sun 
arc reflected back again upon the Earth. We ſup- 
poſe therefore that each Planet reflects every w 
all the Rays of che Sun that fall upon it; that is 
(for grea er eaſe) we ſuppoſe a Planet to emit 
Rays every way from that Hemiſphere . 
+ t 


1 . _— * „ 


1 EE 4. 4... e e Do tt. bod Rad 


5160 The BiMENTS Book III. 
that is turned towards the Sun, vis. ſo many 
as fall upon it from the Sun. Tis evident that the 
illumination of the Earth by the Sun is to the jt- 
lumination of the ſame by a Planer ſhining in the 
full, as all the Rays of the Sun falling upon tlie 
Earth to all the Rays flowing from the Planet 
and. falling upon it; But the. raxiq of the Sun's 


Rays falling upon the Earth to the Planet's Rays 
falling upon the fare, compounded'of the ratio 
of the Sun's, Rays falling upon the Earth to the 
Sun's Rays falling upon the Planet, (that is, all 
the Rays flowing from the Planet's Hemiſphare,) 
and the ratio of all the Rays flowing from the 
lanet's Hemiſphere: to all thoſe ef them that 

upon the Earth. And the former of theſe 
compounding ratios, or the ratio of the Sun's 
Rays falling upon the Earth. to che Sun's Rays 
alling upon che Planet, is equal (by che preced. 
Prop.) to the duplicase ratio of the harizontal Pa- 
rallax of the Sun ſęan from the Earth to the ho- 
rizontal Parallax of che Sun ſeen from that Pla- 
net; but the latter namely the ratio of all the Rays 
flowing from the Planet's 5 
the Earth to all of em that fall upon the | 
and inlighten it, is equal (by the prgced. Sabel.) to 
the ratio that a Square inſcribed in i Circle has to 
the Square of the'Chord of the horizontal Pa- 
rallax of the ſaid. Planet ſeen" from the Earth. 
And therefore the ratio of the illumination of the 
Earth by the Sun to the illumination of the ſame 
by a Planet ſhining in the full, is compounded of 


that Planet, and of che ratio of 
{cribed in a Cirele to the Square of the Che 

of the horizontal Parallax of the faid Planet ſeen 
from the Earth. ©, &. D. | 
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| PropoSITION LX. 
O determine the Diſt ance of a Fix'd Star. 


Chuſe a Fix d Star of nearly the ſame bright- 
neſs with ſome Planet, when it is in the Full; in 
which caſe the Earth is equally illuminated by 
theſe two Stars. But the mutual Diſtances of the 
Sun, Earth, and Planet at the time of the above- 
mentioned Obſervation, and the Magnitudes of 
rheſe three Bodies (by Prop. 46.) being known, the 
horizontal Parallaxes of the Sun and Planet feen 
from the Earth [by Prop. 48. B. 2.) become known, 
together with the angle the ſaid: Planet appears 
under from the Sun, whoſe half is the horizontal 
Parallax of the Sun ſeen from that Planet. And 
conſequently (by the preced. Prop.) the ratio of 
the illumination of the Earth by the Sun to the 
Humnmination of the ſame by the faid Planet be- 
comes known; that is, the ratio between the = 
lamianion of the Earth by the Sun and by the 
Fix'd Star : But (by Prop. 57.) the illamination of 
the Earth by the Sun is to the illumination of che 
ſame by a Find Star (equal to the Sun and equal- 

lucid) in the duplicate ratio of the Diſtance of 
e Fix'd Star from the Earth to the Diſtance of 
the Sun from the ſame ; therefote the ratio be- 
tween the Diftences of the Fix d Star and the Sun 
from the Earth is known ; and confequently the 
Diftance it feKf of a Fix'd Star from the Earth is 

SCHOLZ 
For the ſume purpoſe you may commodion 
take Jupiter in its 5 — and rn 
which (if any other) may be looked upon as equal 
to the Sun. But ſince Jupiter in the ſaid ſituation 
exceeds Sirius in brightneſs, and beſides the Rays 
of the dun falling upon Jupiter are not reflected 


towards 
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towards the Earth without being weakened, but 
are moſt of them ſtifled near the ſurface of 
Jupiter, the Diſtance of Sirips determined after 
this manner will be lets than the true Diſtance 
Ag © PropostTion IXI. 3 
O meaſure the Diſtance of @ Fix'd Star another 


Way). ; S ; 

Tho che diameter of the brighteſt Fix'd Star 
ean't by any Optical Inſftrawent yet invented, be 
made fo big as to become ſenſible, and ſuch as 
may be compared with the Sun's Diameter; 


however, the Sun's Diameter may be leſſen d fo 


much, as that its Light thus leflen'd may (in ap- 
pearance) be no greater than the light of Sirius 
twinkling in the Nights which will be done if its 
Rays be let into a Tube thro' a hole ſmall e- 
nough; or if its image be leſſened as much by 
means of a Lens, or partly by one partly by the 
other method : For the diameter of the image of 
the Sun, tho inſenſible (if looked for inconſi- 
derately) becomes known by calculation founded 


upon Optics and Dioptrics, having the Diameter of 


| 


the hole, the Lens and ſituation of the Eye given; 
But the Diameter of an image of the Sug, as bright 
as Sirius to an Eye given by poſition, is equal to 
the Diameter of Sirius; therefore the apparent 
Diameter of Sirius, before inſenfible, beeomes 
known by calculation: But the Sun and Sirius are 


ſuppoſed equal; therefore their Diameters are e- 


qual: And therefore the Diſtance of Sirius will be 
to the Diſtance of the Sun, as the Sine of the ap- 
parent Diameter of the Sun to the Sine of the ap- 
ent Diameter. of Sirius, or (by reaſon of the 
mallneſs of theſe angles) as the apparent Diame- 


| ter of the Sun to the apparent Diameter of Sirius z 
therefore the Diſtance of Sirius will be known. 


E. L. 


| 
| 
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